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1. INTRODUCTION. 


The cotton-stainers or bugs of the Pyrrhocorid genus 
Dysdercus are already the. subject of an extensive literature. 
The curtailment of their activities is a frequent task of the 
applied entomologist in the tropics. The studies here reported 
on Cuban cotton-stainers and their relatives were made from 
a point of view which has rarely been previously engaged with 
these insects. At Soledad, Cuba, where the writer was privileged 
under an E. F. Atkins Harvard Fellowship to spend most of 
February, March and April, 1925, no Malvaceous crops of 
importance are grown, and for this simple reason, cotton- 
stainers present no very pressing economic problem. So far as 
the limited time allowed, and in the intervals of other work, 
their life-histories were studied for their intrinsic interest to the 
Hemipterist, and their general ethology investigated with regard 
to its possible bearing on the theory of warning colouration. 
On both counts the results are very incomplete, and it should 
be especially emphasised that they were all gained under dry 
season conditions. Wet season experience would perhaps 
modify some of the conclusions drawn, and would almost 
certainly show the cotton-stainers associated with other plants. 


*No. 3, Studies from the Biological Laboratory of Cuba (Atkins Founda- 
tion of the Harvard Institute for Tropical Biology and Medicine). 
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I owe very hearty thanks to the many people who helped 
me in Cuba. I must especially mention the late Mr. E. F. 
Atkins, Mrs. Atkins and all the members of the Soledad admini- 
stration for their assistance and kind hospitality. To -Mr. 
Gaspari my companion and I were indebted for all facilities at 
the Mina Carlota, Trinidad Mountains, and for the loan of a 
house in that beautiful and profitable collecting-locality. For 
other assistance and especially for aid in the determination of 
the various organisms mentioned in this paper, I thank the 
following,—Professor Wm. M. Wheeler (ants), Dr. T. Barbour 
(vertebrates), Mr. Nathan Banks (Arachnids), Mr. R. M. Grey 
(plants), Mr. George Salt, my companion in Cuba, Mr. H. G. 
Barber (Pyrrhocoridz) Professor B. L. Robinson aad Mr. C. A. 
Weatherby of the Gray Herbarium (plants). 


2. THE PRE-ADULT STAGES OF Euryophthalmus 
sellatus (GUER). 


(a) Eggs.—A pair of adults taken in copula in the Harvard Botanical 
Garden on the 7th of February, resumed copulation after installation 
in the laboratory. The male having died on the 16th, the female 
deposited on the morning of the 21st or during the previous night, a 
mass of eggs, and died in her turn on the 27th. The eggs were grouped 
on the floor of the tube in a close spheroidal mass about 5 millimeters in 
diameter, and resembling a spider’s egg-ball, but much less regular in 
shape—the pointed, almost fusiform eggs projecting in all directions. 
The colour at that time was a very pale yellowish, almost white, and the 
surface shining. By the 2nd of March the eggs showed a faint salmon 
tint. Seven days later the choria seemed to be shrivelling, and it was 
feared that hatching would not occur, but on the 10th a young nymph 
emerged from every one. 

Alcohol specimens, measured a year later, were 1.3. mm. long by 
0.68 wide. The chorion was smooth and shining, apparently impunct- 
ate; the chorial processes nine in number, squat, somewhat cup-shaped 
tubercles with an opening at the top, and arranged round the upper 
pole of the egg some distance from the apex. It will thus be seen that 
the egg of E. sellatus is very similar to that of E. (Largus) succinctus 
(L.), of North America, as described by Heidemann in 1911 (Proc. Ent. 
Soc. Wash., vol. 13, p. 134) but is slightly smaller. 

Hatching was effected by means of a longitudinal split beginning at 
the upper pole within the circle of processes and proceeding to about 
the middle of the egg. 

No eggs were observed in the field, but since some twigs and leaves 
were present in the tube with the above female, it is probable that 
eggs in the’field, as in the laboratory, are deposited on the ground, 
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among surface debris, as in Dysdercus. Such also, according to Sander- 
son, is the habit of FE. (L.) succinctus. 

(b) The nymphs.—The nymphal instars are remarkable for the 
striking colour schemes which they present in the different stadia, and 
for the violent contrast between these and the colouration of the imago. 
A similar development is recorded by Morrill in E. succinctus. 

The newly hatched nymphs lived in the laboratory only six days, 
at first spending the whole time closely clustered together, but later 
roaming actively during the day and massing together during the night 
in a piece of rolled sugar-cane leaf. Perhaps death was due to lack of 
suitable food; but on the other hand many Pentatomids are known to 
take no food during the first nymphal stadium. 

The first instar is 1.4. mm, in length of body, short and squat in 
form, with the head, antenne, thorax and first abdominal segment 
dark fuscous, almost black, and the rest of the abdomen and the eyes 
red. The scent-gland orifices are ringed with fuscous and connected 
by a deeper red flush, while the connexivum posteriorly is speckled with 
black. The legs are smoky. 

I have no evidence as to the number of instars which show this 
black and red colour pattern. The larger nymphs, which were the only 
ones discovered in the field during my sojourn, are of a brilliant metallic 
steel-blue. Rearing records enable only the penultimate and the last 
instars to be determined satisfactorily, but the antepenultimate also is 
probably steel-blue. 

Penultimate instar —Length, 4.7 mm. The colour is almost wholly 
metallic dark greenish blue with violet reflections; eyes bright red, 
legs and antennz reddish black, paler at the joints, tegminal pads 
hiding the metathoracic wing-pads and just reaching the base of the 
abdomen. 

Ultimate instar —Length, 6.5 to 7.3 mm. The colour is similar to 
that of the previous stage, but the femora are all bright orange red and 
there is a spot of the same colour on each side of the base of the abdomen, 
dorsally. 

At ecdysis the split is extremely wide and lies on the dorsal line 
from the frons to the base of the second abdominal segment, and reaches 
laterally between the first and second abdominal segments nearly to 
the venter. This applies to the penultimate moult; the last one seems 
not quite so extensive a splitting. 

The colour changes at ecdysis are beautiful to behold. The older 
nymph, on emerging, is entirely pale pink, and takes some time to 
acquire the metallic blue colour. Two adults emerged, one at 6.30 
A. M. and the other at 3 P. M. These also were at first wholly pale 
rose-coloured. Then a white area, an important feature of the imaginal 
pattern, appeared on the pronotum and next at the tip of the scutellum. 
The normal colour, form, and the length of the hemielytra were achieved 
in two to three hours. 

Nymphs in the third (?) and fifth stadia were observed in the field 
as late as the 18th of April (Guines). They seemed to have disappeared 
a month earlier in the Soledad (Cienfuegos) district. 
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3. THE FEEDING-HABITS OF E. sSellatus. 


This insect belongs to a subfamily known to be predomi- 
nantly predaceous in habits. The closely allied E. (Largus) 
succinctus (L.) has been recorded as occasionally injurious to 
plants in North America.* 

On the other hand Riley (Insect Life, vol. I, p. 130, 1888) 
mentioned the same insect as an enemy of IJcerya purchasi. 
The Argentine EF. (Largus) rufipennis Lap. is recorded by 
Jensen-Haarup (Ent. Medd., Trett. Bd., pp. 222, 223, 1920) 
as frequenting Senecio mendocinus. 

In Cuba the very active blue nymphs of E. sellatus are 
observed roaming over a variety of unrelated plants in an 
unrestricted manner reminiscent of the carnivorous members 
of the Pentatomide. Both nymphs and adults are plentiful 
in the cane and maize fields, especially among young cane. 
The food of the former was not ascertained with certainty 
though two examples certainly lived ten days with nothing 
edible but sugar-cane leaf, and were able to pass through an 
ecdysis successfully. An adult was seen sucking the remains 
of a small Embiid, and these insects were also devoured in 
captivity. The Euryophthalmus inserted its mouthparts near 
the posterior end of a larger Embiid, holding down the head, 
meanwhile, with one middle tarsus. The imago also sucks the 
flowers of Chamissoa altissima HBK.—this being the only 
certain case of phytophagy observed. 

When this bug, in the adult stage, is handled it exudes, 
or in fact squirts, from the anus a quantity of dark brown 
liquid, but there is no appreciable odour either from this or 
from the scent-glands. 


4. THE PRE-ADULT STAGES OF Dysdercus andree (L.). 


(a) The eggs—It is extraordinary how little is known of the 
eggs of such common and much-studied insects as the cotton-stainers. 
Eggs of other insects were several times ascribed to D. suturellus, the 
common North American species, before the true ones were discovered. 


*Causing some injury to cotton bolls, Sanderson, 1906, Bur. Ent. U. S. D. A., 
Bull. 57, p. 46; Glover; Mally, 1893, U. S. D. A. Div. Ent., o. s. Bull. 29, p. 31; 
Morrill, 1910, U. S. D. A. Bur. Ent., Bull. 86, p. 94, Pl. I, Fig. 7, text-figs. 24, 25; 
ibid., 1917, Journ. Econ. Ent., vol. 10, p. 309; causing some injury to peaches, 
Lintner, 1885, 2nd Rep. N. Y. State Ent., p. 164, fig. 41. 
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A pair of D. andree was taken in copula on the 12th of February. 
In the early morning, though very lethargic with the cold, they were 
still in coitu and had apparently remained so during the night. One 
egg was laid on the 15th. Two other copulating pairs were captured 
on the 12th of March. Eggs were laid on the 15th apparently at 
random, eight in one lot, one by itself and five in a third mass. One 
male and both females died two days later. The eggs lay on the floor 
of the vial, adjacent ones adhering together. They appeared trans- 
lucent, of a very pale greenish colour. 

Alcohol examples measured 1.17 by 0.77 mm., and were almost 
perfectly elliptical in shape, with a highly polished, apparently quite 
impunctate surface, and four tiny cylindrical obtuse projections arranged 
in trapezoid fashion at one pole. In alcohol they appeared ivory white. 


When Heidemann in 1911 published a résumé of recorded 
knowledge of Heteropterous eggs, those of only two Pyrrhocorid 
species were known. These were similar to those of Lygaeide, 
but the ‘‘chorial processes low and not narrowed towards the 
base.’’ (Proc. Ent. Soc. Wash., vol. 13, p. 133). Riley and 
Howard (Ins. Life, vol. I, p. 235, 1889) quote Hubbard to the 
effect that the eggs of D. suturellus H.-Sch., are oval, amber- 
coloured, with a pearly lustre and beneath the lens a pattern of 
closely reticulated lines. Morrill (Op. cit., pp. 95-98, pl. I, 
Fig. 8) deals more fully with the same common species. He 
found that about 465 eggs were deposited by four females, both 
loosely and in masses, but little compacted. 

A very good account is that of T. C. Barber, dealing with 
the Texan Dysdercus obscuratus Dist. (Journ. Agric. Res., 
vol. 31, pp. 1137-1147, 2 Figs., 1 table 1925). Herein are 
recorded some truly remarkable facts connected with ovi- 
position. The ‘‘eggs look very much like microscopic hens’ 
eggs’’ and are shining pearly white, semi-transparent. They 
are laid singly or in small clusters adhering but slightly together. 
Of the five nymphal stadia the first is spent entirely underground, 
feeding upon a supply of decaying vegetable matter provided 
by the female at oviposition. Most of the second stadium is 
occupied in the same manner. In the laboratory the female 
usually buried with the eggs a piece of dead leaf or fruiting 
capsule of the food-plant, a species of the Malvaceous genus 
Sida. ‘‘When a suitable capsule had been selected, the female 
would deposit two or three eggs, then carefully cover them with 
soil, pulling the particles over them with her feet. More eggs 
would then be deposited and covered in their turn, until finally 
the entire capsule would be buried under the surface.”’ 
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The nymphs of D. andrea: The first instar of D. andree was not 
observed since my eggs failed to hatch. Descriptions from captured 
specimens of the succeeding instars follow: 

Second instar—Length before feeding, 2.1 mm., after feeding, 3.1 
mm. Colour vivid scarlet, almost immaculate, but the lateral borders 
of the abdominal segments with an indistinct whitish spot, and the 
scent-gland orifices slightly indicated in brownish. Antenne with a 
brownish tinge. The dimensions of head, thorax and appendages are 
stationary throughout the stadium, but with feeding, the abdomen, 
from being as long as head and thorax together, becomes considerably 
longer and much swollen, like an aphid’s. In later instars the effect of 
feeding is less noticeable. 

Third instar—Length before feeding, 3.7 mm. This instar is at 
once distinguished from the preceding by the much larger head and 
thorax. The colour is similar, but the whitish connexivum is more 
extensively, though not more distinctly, marked. The postero-lateral 
angles of the meso- and metanotum are slightly fuscous. Only two 





























distinct ventral teeth on the fore femora. 

Fourth instar—Length before feeding, 4.5 mm. Fore border of 
pronotum china white; abdomen with the connexival spots china-white 
and very distinct. Brownish scent-gland spots distinct. Whole latero- 
posterior portions of meso- and metanota blackish; tegminal pads 
distinctly produced, but posterior border of the metanotum still almost 
straight. Ventrally the coxe and the posterior margins of the abdomi- 
nal segments marked with china-white. Three ventral teeth on fore 
femora distinct. Rostrum reaching nearly end of 3rd abdominal 
segment. 

Length after feeding, 5.6 mm. Markings much the same. Scent- 
orifices distinctly black. Rostrum reaching end of 2nd abdominal 
segment. 

Fifth instar —Whitish markings much accentuated, spread to the 
posterior margins of the dorsal abdominal segments and to that of 
pronotum. Wing-pads and tegminal pads black, the former bordered 
laterally, near apex, with yellowish white. Posterior lateral angles of 
pronotum slightly infuscate. Rostrum reaching end of second abdomi- 
nal segment. Length, 6.8 mm. 


Apparently only the advanced instars climb the food-trees, 
Thespesia populnea and Hibiscus elatus, the younger nymphs 
feeding on seeds which have dropped to the ground beneath. 






5. THE PRE-ADULT STAGES OF Dysdercus mimus (SAY). 


The eggs of this species, a more obscurely-coloured cotton-stainer 
than D. andree, but nearly as common, were not found. Of a pair 
taken in coitu on the 2nd of March, the female appeared swollen with 
eggs, but dissection showed that most of the enlarged abdomen was 
occupied by fat-body and digestive tract, the state of the ovaries being 
but little advanced. Copulating pairs of D. andree, it is perhaps worth 
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mentioning, were sometimes found with the female’s abdomen much 
swollen as with eggs, and sometimes perfectly flat and apparently empty. 

The nymphs.—The earliest nymph found, probably the 2nd, was 
2.3 mm. in length. Head dark brownish red, pronotum and abdomen 
pinkish scarlet, slightly marked with fuscous at the scent-glands and 
apex of the abdomen. Mesothorax and metathorax orange. 

The next instar was 3.8 mm. long, and similar in colour but the 
scent-gland markings more distinct and the tegminal and wing angles 
fuscous. 


The last instar observed, almost certainly the fifth, was 5.6 mm. 
long. Colour, deep orange red, the head purplish red; pronotum edged 
anteriorly with white; tegminal pads fuscous, edged laterally with 
whitish; segments of abdomen faintly marked with whitish; scent- 
gland orifices and apex of abdomen fuscous; ventral surface of abdomen 
whitish, the segments marked with red, of the thorax orange with china 
white at the coxz, of head reddish. 

The emerging adult was pale yellowish, with red head, black eyes 
and smoky membrane. The white pronotal collar so conspicuous in 
the hardened imago was at this stage also very distinct. 


6. THE FEEDING-HABITS OF Dysdercus. 


Considering the almost exclusively phytophagous tendencies 
of the Homoptera, it is remarkable how few of the Heteropterous 
families are wholly plant-feeding. The Cryptocerata are nearly 
entirely carnivorous—the Corixids forming a partial exception; 
the Miroid families all contain at least some predaceous forms; 
the Reduvioid groups are eminently predatory; while the 
Pentatomids and Lygaeids number very many rapacious species, 
and such are not lacking, as we have seen, in the Pyrrhocoride. 
Only the Coreide, Berytide, Tingide and probably the rather 
problematical Aradidze, seem to confine themselves to plant- 
food. 

The purely predatory families, like the Reduviids and most 
of the water-bugs, are highly specialized morphologically for 
the capture of prey, while the predaceous members of the 
Pentatomide and Lygaeide, belonging to families not given 
over wholly to this method of feeding, are considerably less so. 
But in the Miride and the Pyrrhocoride those forms which 
prey on other insects seem scarcely modified at all. In these 
two families notwithstanding the fact that one subfamily of the 
Pyrrhocorids is, as we have seen, predominantly carnivorous, 
while some Miridz seem to be strictly confined to such a diet, 
most members of both families are chiefly or entirely phyto- 
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phagous. It would appear then that the carnivorous habit 
is recently acquired among Mirids and Pyrrhocorids. It is 
possible that Dysdercus, which tends to be omnivorous, may 
throw some light on the origin of the carnivorous habit in the 
Pyrrhocoride. In developing this possibility I am dealing 
only with the habits of two common Cuban species—the only 
forms I have studied in the field. It seems, however, from the 
literature on cotton-stainers, that my limited studies are in 
accord on this point with more extensive ones made elsewhere 
and on other species of the genus. 

There is abundant evidence that both nymphs and adults 
require concentrated food rich in proteins. They obtain this 
in quantity from the developing seeds of plants, especially of 
the Malvacez; but they do not disdain to procure it from any 
animal matter which they can conveniently negotiate. Their 
habit, described below, of feeding upon dead animal matter, or 
upon their live comrades while these are held by an antenna or 
leg in the grip of a Chelifer, is but one grade removed from that 
of such forms as Euryophthalmus, which captures insects on its 
own account. 

Taxonomically, of course, the most striking feature in the 
feeding-habits of the Dysderci is their strong predilection for 
the Malvacee—a penchant which has made them serious pests 
almost wherever cotton is grown. Irrespective of the staple, 
if varied food-plants of the species, the adults congregate in 
large numbers upon the flowers of Composite and less frequently 
of other families, apparently to suck nectar. I have rarely 
found the nymphs exploiting this source, and then only the 
older ones. The following nectar sources were noticed: 

Adults and older nymphs of D. mimus occurred on the 
flowers of Neurolaena lobata (L.) R. Br.; adults alone on those 
of Casearia aculeata and of Parthenium Hysterophorus L. 

Imagines of D. andree congregated on the flowers of Bidens 
sp., of Vernonia menthaefolia (Poepp.) Less., of Caseraia decandra 
(Jaeq.) and of Parthenium Hysterophorus L. 

On the 21st of February, when the swarms of D. andree on 
Hibiscus elatus—a favourite food-plant of adults and nymphs— 
and on the flowers of Casearia decandra were phenomenally 
abundant, I was impressed by the fact that whereas nearly all 
the adults on the former were copulating, not a single mated 
pair could be found on the Caseariza flowers. This difference of 
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behaviour on the staple food-plant as distinct from the source 
of nectar seems fairly constant. No copulation of D. andree 
was observed on Composite flowers; but one pair of D. mimus 
was found in coitu on the blossoms of Neurolaena lobata. 

During my sojourn at Soledad the staple food-plants, as 
distinguished from the sources of imaginal nectar supply— 
the mere playhouses of the adult—were few in number; but 
simply swarming with the insects in question. 

D. andree occurred, in all stages, especially on Thespesia 
populnea Cav., on Hibiscus elatus Sw., and on Sterculia Cartha- 
ginensis. In much smaller numbers it was seen feeding and 
copulating also on Abutilon sp., and, at Guines only, on Sida sp. 

D. mimus was devoted to less arboreal hosts and occurred 
chiefly among undergrowth and in waste places on the following 
Malvacee: Sida sp. (near cordifolia) and Abutilon sp. It 
was attached chiefly to the Sida, which is a common and 
wide-spread weed. 

Majagua or Hibiscus elatus is a large forest tree with showy 
red flowers followed by stout green schizocarps. During the 
three months, February to April, Dysdercus andree abounded 
on and beneath two trees of this species in the Harvard Botan- 
ical Garden. Near the beginning of the above period the 
freshly opened fruits were hidden beneath scarlet masses of 
copulating adults, sucking the juices of the young seeds, which 
falling to the ground below, proved a vast attraction to the 
myriads of young nymphs, running in all directions over the 
surface and on the lower plants, but mounting no higher than a 
foot. No nymphs were observed on the fruits upon the tree, 
and the overwhelming majority were on the ground itself. 
Here and there were little red clusters of living bugs, chiefly 
nymphs, forming balls up to an inch in diameter. These 
centered and swirled round dropped seeds of the majagua. A 
sample cluster contained 82 small nymphs and 3 imagines. 
One adult, walking with a seed suspended from its mouth- 
parts, carried five nymphs hanging in their turn from the same 
nutritious morsel. The combined weight seemed nearly to pull 
the older insect off the leaf. The nymphs discover isolated 
seeds of the food-plant with uncanny precision. A single seed, 
lodged in the leaf-sheath of a grass, 20 feet from the tree, had 
its swarming cluster of red nymphs. 

It was curious that only two majagua trees, both very large, 
were frequented by D. andree in the Botanical Garden. A 





288 Annals Entomological Society of America [Vol. XX, 


smaller tree, likewise in fruit, but situated several hundred 
yards away, was entirely free from this species during the three 
months mentioned, as also was an adjacent small tree of the 
very closely related H. tiliaceus. 

A lofty majagua in the forest of the Trinidad Mountains 
at the Mina Carlota was attracting large numbers of D. andree 
on the 20th of March. A large tree of the same species in the 
garden of Mr. Geo. S. Scudder at Soledad was similarly fre- 
quented, the bugs constituting a household nuisance by their 
very numbers. Here, towards the end of April, I noticed 
advanced nymphal instars feeding upon the fruits on the tree 
itself. The younger nymphs, on the other hand, always confine 
their attention to seeds which have dropped to the ground, 
and to fallen floral parts. 

Towards the end of April, when my observations were 
terminated by my departure, there were decidedly more late 
instars than any others under the two majagua trees in the 
Garden. The insects on the whole were as abundant as ever 
and adults were still largely copulating, but were scarcer. 

As on majagua, so on that favourite shade tree, Thespesia 
populnea Cav., D. andree was plentiful during February to 
April. The greatest swarms, however, were seen during the 
early part of that period. Probably Thespesia is the host of 
an earlier brood than majagua, since on the 11th of February, 
while the Thespesia fruits swarmed with adults and advanced 
nymphs, the majagua trees showed only imagines and young 
nymphs. By the 3rd of March no nymphs, only copulating 
adults, were found in the Thespesia avenue, though the advanced 
nymphs occurred as late as the 28th beneath a tree of the same 
species in the Botanical Garden, possibly from the nearby 
majaguas. 

As with Hibiscus elatus, so with Thespesia, the still juicy 
seeds were the prime attraction for all instars, though adults 
were found also on the buds. But the latter tree does not 
scatter isolated seeds as the former does—it drops the whole 
fruit. On the tree the older nymphs and the imagines attack 
the still green fruit, leaving droplets of hardened juice to mark 
their punctures. Artificial stabbing produces instant exudation 
of a bright yellow thickish sap, which hardens rapidly on ex- 
posure. The dried-up, hardened fruit which finally drops to the 
ground, looks and feels almost impossible of negotiation by the 
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bugs. At first it contains nevertheless still juicy seeds. A 
tremendous cluster of bugs was assembled round a single crack 
in one such fruit. Such behaviour indicates that it is difficult 
if not impossible for the bugs to puncture the hardened fruits 
themselves. On the 3lst of March, after heavy showers, a 
number of nymphs were clustered round loose seeds from fruits 
which had been softened by soaking. But I broke up some 
still intact fruits and found their seeds very hard, and apparently 
quite unattractive to the Dysderci even when left a long time 
in their path. 

Towards the end of April I found tremendous numbers of 
D. andre@ on a large tree of Sterculia Carthaginensis. These 
were chiefly advanced nymphs, with very few adults. There 
were not only the familiar swirling clusters round fallen fruits, 
but also great patches, some 6 inches in diameter, upon the 
trunk and larger branches, especially at knots, insertions of 
branches or other irregularities in the very smooth bark of this 
tree. The biggest of these more or less inactive patches was 
at a height of about 5 feet, the next at 8 feet, above which there 
were very few congregated bugs. These patches were several 
layers deep. 

Curious to relate D. andree was not found on Sida sp., the 
favourite host of D. mimus, at Soledad, but only near Guines, 
in the Havana district. There, just after a heavy shower, 
literal handfuls of both nymphs and adults of this and the 
other species were congregated in rolled, fallen leaves of pende- 
jera (Solanum torvum) lodged in the Sida branches and to a less 
extent in the adjacent weeds. 

On the 2nd of March D. andre@ imagines were found copu- 
lating on Abutilon sp. and sucking the unripe fruit. 

There remain several less regular sources of food exploited 
by D. andree. Clusters are quickly formed round any of their 
fellows crushed on a foot-path, while examples captured and 
held by the Chelifers considered in the next section are soon 
sucked dry by their companions. The detached wing of a 
small bird served as a centre of attraction, though the flesh 
was apparently dried up. A piece of orange gathered a similar 
congregation. Riley and Howard (i.c.) record D. suturellus as 
a pest of oranges in Florida, while an anonymous contributor 
to the West Indian Bulletin (vol. 15, pp. 315-318, 1915, Rev. 
Appl. Ent. Ser. A. vol. 4, p. 432) recommends the juice of ripe 
oranges as the best trap for Dysdercus. 
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Advanced nymphs of D. andree formed a large part of a 
mixed company including ants and Diptera sucking honey-dew 
fallen on the wide perforate leaves of Monstera from Coccids in 
a tree above. But the nymphs do not travel far, and are thus 
likely to use such additional food sources only in the close 
vicinity of their staple food-plants. 

Dysdercus mimus was plentiful in the dry dusty situations 
where flourished Sida sp. The leaves of this were frequently 
spotted with yellow, as in cases of bug attack, but analogy 
would lead one to suppose that the fruits form the chief attrac- 
tion to D. mimus. I did not observe them sucking the leaves. 
On the 10th of March nymphs in nearly all stages occurred with 
adults in numbers in the dusty surface layers below these 
plants, and under flakes of cowdung and logs in the immediate 
vicinity. 

In March especially, D. andree, together with the Coreid, 
Jadera sanguinolenta was attracted in crowds to the electric 
lights of the laboratory. I did not see D. mimus in this situa- 
tion. Can this difference in behaviour be associated with the 
difference in feeding-habits—D. andree feeding chiefly on tall 
trees and the other on low-growing weeds? There were food- 
plants of both well within a hundred yards of the laboratory. 

In the laboratory during the day it was interesting to see 
D. andree adults standing with outstretched rostra round a 
vessel of water, drinking with avidity. 


7. THE NATURAL ENEMIES OF Dysdercus. 


I am concerned in this section to give a general review of the 
animal enemies of Dysdercus spp. and to discuss in the next 
section the evidence for and against the theory of warning 
colouration as applied to these insects, and in the light of these 
data. 

Other Arthropods.—A small ant, Solenopsis geminata (Fabr.) 
was observed dragging away a dead adult of D. mimus much 
larger than itself. A small, partly crushed nymph of D. andree 
was placed on a low branch in the midst of numerous passing 
Pseudomyrma elongata cubaensis Forel. Many passed by, but 
others demolished it in a very short time. The same species 
of ant was busily engaged, in considerable numbers, on a silk- 
bound mass of remains of D. andree hanging in the web of an 
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Epeira vulgaris Hentz, a spider which must thus be counted 
among the enemies of the adult bug. 

Another Arachnid predator presented features of unusual 
interest. As early as the 20th of February I noticed numerous 
copulating adults of D. andre@ on the fissured bark of a Thespesia 
in the Garden. Many of these appeared dead. Later observa- 
tions showed that most of the live insects in this situation were 
busily engaged, whether im coitu or single, in sucking dead 
examples of the same species. Elsewhere it was rare to see a 
dead example, but on this trunk one could always find clusters 
of living bugs engaged in the above manner. The victims 
seemed in some way fastened in crevices in the bark. In one 
case of a copulating pair, one member was but a dead and 
empty corpse, depending from the abdomen of its mate. Some- 
times a live bug still 7m copula struggled ineffectually to disengage 
itself from a dead mate which was held prisoner in some crevice. 
I visualised some gummy secretion which might entangle the 
appendages of the bugs and detain them till their companions 
sucked them dry. At one spot a pair and a single bug were 
caught in the same crevice, both insects by the tip of an antenna. 
Very gently cutting away the adjacent flakes of bark, not 
without inadvertently freeing one of the bugs, I saw at the 
bottom of the crevice a gleam as of beads of my hypothetical 
secretion. But there was no secretion—only the shining 
cephalothorax of a Chelifer, still partially hidden, but holding 
tightly with one of its powerful pedipalpi, the antenna of the 
Dysdercus. I next dug out two other mated pairs of cotton- 
stainers. In one case a Chelifer was holding an antenna, in 
the other detaining its victim by the tip of a leg. Finally, 
every case investigated, every tethered bug, showed a Chelifer 
at the root of the matter. These Chelifers, Chelanops oblongus 
(Say) proved extremely numerous beneath the bark-flakes of 
this one tree. All were completely hidden during the day and 
all looked extremely bloated. There was no sign of the pseudo- 
scorpions emerging to feed on their prey—all the captive bugs 
that I saw had been or were being sucked by cannibalistic 
members of the same species. But beneath the bark with the 
Chelifers, were numerous fragments of the Pyrrhocorids. Either 
the Arachnids pull under the disintegrated fragments of the 
insects—since there is no room for the intact bug, so very 
much larger than its enemy—or they emerge at night to feed 
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on the prey secured during the day. I was not able to clear up 
this point. Since, however, it is quite usual to find a Chelifer 
holding by one appendage a Dysdercus which though dead and 
empty, is quite intact, it seems clear that the death of the 
victim is usually brought about by the punctures of its comrades. 
This is suggested also by the readiness with which a maimed or 
half-crushed individual is attacked. We have then an extra- 
ordinary association in which an enemy organism assists an 
insect to slaughter its own fellows, and is apparently content 
with little more than the scraps from the ensuing feast. 

In Montserrat fewer than 20 percent. of Dysdercus andree 
and of D. delauneyi are attacked by a ‘‘small Arachnid”’ parasite 
(Anon., 1914). This is probably the ectoparasitic mite men- 
tioned by Sands (1917) in St. Vincent on D. delauneyi Leth. 
Ballou (1916) records a thrips attacking eggs of the same 
Dysdercus. Among the enemies of D. superstitiosus, de Seabra 
(1920) lists a common Myrmeleonid. Tachinid parasitoids of 
some of the African species have been studied, but are not 
considered of great economic importance (Pomeroy and Gold- 
ing, 1923). They are known also in Trinidad (Urich, 1916, 
Trichopoda) and in North Australia (Hill, 1915). Well-known 
predaceous enemiés of various African Dysderci are Reduviids 
of the genus Phonoctonus often extraordinarily similar in 
appearance to the species on which they prey. Finally, Corbett 
(1924) records the Pyrrhocorid, Antilochus coqueberti (Fabr.) 
as preying on D. cingulatus (Fabr.) in Malaya. This list of 
Arthropod enemies of the cotton-stainers makes no claim to 
completeness; but it will serve for a general view. 

Vertebrate enemies.—I have described above the congregation 
of D. andree and D. mimus in nearly all stages in rolled up 
leaves of Solanum torvum lodged in twigs of Sida at Guines. 
These plants were almost overhanging the waters of a small 
brook, abounding in tiny fishes, Gambusia punctata Poey. 
These were fed with the various stages of the two Dysdercus 
species, with the bright red and black ladybird, Chilocorus 
cacti (L.) and with numerous examples of the very brilliant, 
sluggish, crimson and metallic blue Lycid, Thonalmus sauvis 
(Duv.)*. All were seized and eaten with avidity; but a large 





*I am indebted to Mr. H. S. Barber, of the U. S. Bureau of Entomology, 
through the courtesy of Dr. L. O. Howard, for the determination of the ladybird, 
and to Mr. P. J. Darlington, Jnr., for that of the other beetle. 
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D. andree nymph and a smoothly polished and much rounded 
ladybird presented mechanical difficulties which prevented 
immediate seizure by the smallest fishes, and were not sur- 
mounted until a larger fish of the same species arrived with a 
mouth large enough to engulf them. There can be no doubt 
from these experiments that any of the Dysderci falling into the 
water would be speedily devoured. 

A large Cuban tree-frog, Hyla septentrionalis Boulengar, in 
captivity ate numbers of D. andree at night. 

Probably the most widespread, active and numerous verte- 
brate enemies of insects in Cuba are the lizards, which abound 
in species and swarm in individuals. On the 15th of March a 
lizard, Anolis sagre, entered the laboratory building, in which 
were numerous specimens of D. andree attracted by the light 
on the previous evening. These insects were readily eaten 
when confined with the lizard, about a dozen being devoured 
in about twenty-four hours. In view of the proof, obtained at 
this time, that Dysdercus formed part of the normal diet for 
this species, the experiment with captured lizards was dis- 
continued. 

Observations were made on lizards under the large Hibiscus 
elatus tree frequented so much by D. andrea. Two Anolis 
sagre were feeding about the lower trunk and on the adjacent 
ground on the 25th of February. I was not able quite to see 
what they caught—it looked like ants, but was so small and 
was seized so quickly that I was not sure. The lizards were 
extremely shy and one had to remain very still to observe 
them at all. No instar of the Pyrrhocorids appeared to be 
touched. There could be no possibility of misoneismus here, 
for these bugs were the commonest insects in the vicinity. 
Four times over one lizard and twice over the other crawled a 
pair of adults im copula. In one case the insects thus engaged 
passed right along the back of the lizard from head to tail. 
One lizard made a slight scratching motion, but otherwise there 
was absolute indifference. On the 17th of March two lizards 
of the same species were caught under this tree. The stomach 
of one contained the remains of one D. andree nymph and of 
one spider; that of the second disclosed three nymphs of this 
species, in apparently the fourth stadium. On the 12th of 
April, under the same tree, a larger Anolis sagre, even when 
evidently disturbed by my presence, snapped up an advanced 
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nymph of D. andree which was carrying from its rostrum a 
seed of majagua. This seed the lizard rejected very neatly. 

A larger lizard, Leiocephalus cubensis, was also active beneath 
the same tree, but was not captured for dissection, nor seen 
actually eating Dysdercus. It was much shyer and quicker 
than the Anolis. 

Birds.—In spite of long vigils in early morning, beneath 
Hibiscus and Sterculia trees swarming with D. andree, I observed 
none of the common Cuban insectivorous birds feeding upon 
these insects. But such negative results are of but little more 
value than those gained by feeding birds in captivity. The 
remains of Heteroptera are easily recognisable in stomach- 
contents, and the role of birds is best ascertained by an exami- 
nation of the stomachs of large series of the various species. 

In Australia, Hill (1915) records Graucalus melanops as 
feeding on Dysdercus cingulatus. The same insect is eaten in 
large numbers in India by Oriolus kundoo, O. melanocephalus, 
Hierococcyx varius and Sitta frontalis (Mason and Maxwell- 
Lefroy). According to these authors and to Heikertinger 
orioles are especially fond of Heteroptera, including the most 
strongly-smelling species. Sands (1917) lists domestic fowls, 
Tyrannus rostratus and Crotophaga ani as enemies of D. delau- 
neyi in St. Vincent. Every stomach of the Tyrannus examined 
contained large numbers. To the same list may be added 
Quiscalus fortirostris (Anon., 1919). Ballou (1918) however, 
considers cotton-stainers in St. Vincent as particularly free 
from natural enemies. Guppy (1914) too believes that, with 
few exceptions, birds play an insignificant part in the control of 
insect pests in Trinidad. He lists Dysdercus howardi among 
the insects abundant in localities where birds are plentiful. 
Mason (1917) found two species of Dysdercus in Nyasaland 
preyed upon in the nymphal and adult stages by Coturnix 
delegorguet, a record which recalls Csiki’s discovery of no fewer 
than 94 examples of the European Pyrrhocoris apterus in the 
stomach of one Perdix perdix. Heikertinger (1922, p. 461) 
quotes Dahl as finding 11 specimens of a Pyrrhocorid in the 
stomachs of four Cacomantis insperatus, and numerous examples 
of ‘‘kleine rot und schwarz gefarbte Pyrrhocoriden’”’ in three 
stomachs of Lamprococcyx plagosus, a second small cuckoo from 
the Bismarck Archipelago. 
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8. Dysdercus AND THE THEORY OF WARNING 
COLOURATION. 


In a previous section I have described a Sterculia tree with 
its smooth grey trunk emblazoned with great bloody patches, 
six inches in diameter, consisting of advanced nymphs of Dysder- 
cus andree several layers deep. The fallen fruits of the tree 
looked like beautiful scarlet flowers from the masses of the 
same insect. Similar congregations have been described on 
and beneath Hibiscus elatus and Thespesia populnea. 

These insects make no attempt at concealment like assem- 
blies of cryptozoic animals; their colour and behaviour renders 
them conspicuous throughout the day, whether individually or 
en masse; they have no apparent means of defence, whether 
organized or individual, passive or active, spines or sting; 
they depend upon a specialized and restricted food-supply and 
their numbers are not reinforced daily, like those of mosquitoes 
or of Chironomids, by new swarms from more favourable 
breeding grounds replete with unlimited quantities of general- 
ised food-material. All their cards are apparently upon the 
table; yet their congregations persist month after month in an 
environment densely populated with small birds and swarming 
with insectivorous lizards. 

Has Dysdercus some hidden quality, perhaps a nauseous 
taste, which protects it from predaceous animals and to which 
can be attributed the persistence of its conspicuous congre- 
gations? From the mere fact of persistence and from the 
absence of any more obvious means of defence, the extreme 
selectionist would perhaps make this assumption offhand.* If 
further, the conspicuous colour serves to advertise this disagree- 
able taste or other quality, the principle of warning colouration 
is in operation. But our present knowledge of insect ethology 
is surely not great enough to warrant this assumption unless it 
is strongly supported in each case by subsidiary evidence from 
the behaviour of insect-eating animals in the same environment. 

Undoubtedly the strict relativity of food-habits stressed by 
a number of more recent workers, especially Swynnerton, 


*In commenting on the exhaustive treatise of Bequaert on the predaceous 
enemies of ants, Poulton (1924) claims that the very fact that ants are dominant 
insects, common and conspicuous and ‘‘advertised by their communities as well 
as by their appearance, . . . in itself supplied the evidence of special 
defence that Dr. Baquaert apparently believed to be lacking.’’ 
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Heikertinger and Mottram, must be kept constantly in view. 
Thus Mottram has shown (1918) that the nature of the prey in 
the case of trout and of birds depends upon the following 
factors.— 

1. The animal’s general hunger. Extremely hungry animals will 
eat almost anything. 

2. The animal’s special hunger. Trout and less certainly birds, 
prefer a mixed diet and may become satiated with one kind after excess- 
ive feeding upon it. 

3. The relative ease of capture. 

4. The prevalence of the food-supply. Trout and less certainly 
birds will concentrate on hunting one kind of prey at a time. 

5. The palatability of the prey. 


Reighard (1908) in a thoroughgoing study of brilliantly 
coloured coral-reef fishes, found that 21 species, when they 
were deprived of the shelter of their reefs, were readily eaten 
by common rapacious forms. He believes that the predatory 
species have learned all the food possibilities of their environ- 
ment and possess too great a discriminative power to need 
warning colouration in their possible prey. ‘‘Coral fishes are 
not conspicuous because they are in the reefs; they are in the 
reefs because they are conspicuous and cannot therefore leave 
the reefs, and because, being in the reefs and taking the food as 
they do, there is no reason for their being inconspicuous.” 
Their colours are the result of race tendency unchecked by 
natural selection. Applying his results to the phenomena of 
“‘warning colouration’’ in general, he suggested that bright 
colours are due to the absence of counteracting selection owing 
to immunity conferred :— 

(a) by inaccessibility. E. g. coral-reef fishes; 

(b) by distastefulness; 

(c) by stings or by armour. 


In practice such a theory differs but little from the orthodox - 


hypothesis of warning colouration. In theory it is strongly 
divergent. .It regards the discriminative powers of predatory 
animals as too highly developed to render advertisement 
necessary. That Reighard exaggerates these powers is shown 
by a number of recent observations and especially by those of 
Mottram (1918) on the deception of birds and fishes by trout- 
flies and even by stray pieces of vegetable matter. 

Will this or the original theory of warning colouration 
explain the case of Dysdercus andre@? On the score of inac- 
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cessibility, whether achieved by activity or by shelter, Dysdercus 
is decidedly not immune; nor is it protected by stings or armour. 
Distastefulness is extremely difficult to prove. It is a curious 
fact that a very large proportion of the more cryptically- 
coloured Gymnocerate Heteroptera, which are provided both as 
nymphs and as imagines with highly efficient and to man 
extremely malodorous scent-glands, are readily eaten by birds 
and mammals. Evidence that Heteroptera form, in fact, next 
to beetles, the most important food of insectivorous birds, has 
been assembled by Heikertinger (1922). Yet the apparently 
‘‘warningly’’ coloured Pyrrhocoride seem singularly lacking in 
these odorous secretions. 

Adults of Dysdercus andree have no perceptible odour when 
handled. Moreover the roughest shaking fails to cause any 
exudation from the dorsal glands of the nymphs. Sometimes a 
clear but scentless liquid was emitted at the anus. Similarly 
no smell was ever perceived from nymphs or adults of D. mimus. 
On the other hand, my only example of D. sanguinarius Stal, 
taken near Guines, emitted a distinct but not strong ‘‘buggy’”’ 
odour. This observation perhaps needs confirmation with more 
material. Dindymus sanguineus (Fabr.), an Oriental Pyrrho- 
corid, is said by Kershaw and Kirkaldy (1908) to be odorless in 
all stadia. Heikertinger (1919, 1922) has shown that Pyrrho- 
coris apterus is practically scentless in the adult stage. 

It remains to show whether distastefulness can be deduced 
in Dysdercus from the behaviour of possible predators. 

We have seen that D. andree is preyed upon by several 
insects and Arachnids. The indiscriminate taste of most pred- 
aceous Arthropods seems, however, well established by the 
work of Poulton, Marshall, Heikertinger and others. 

The particular fish species experimented upon—Gambusia 
punctata—ate with avidity not only Dysdercus andree and D. 
mimus, but also ladybirds and other beetles of typically ‘‘warn- 
ing’’ colouration. But lest we conclude from this that fishes 
are wholly indiscriminate, we have the admirable studies of 
Mottram (1918) to show that English Ephemeride may be 
arranged in strict order of palatability for trout, beginning with 
Ephemera danica Mull., and ending with Heptagenia sulfuria 
Mull. The latter, brilliant yellow and the most conspicuous of 
British mayflies, is practically never eaten. But the habits and 
habitat of fishes would seem to debar them from acting as very 
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efficient agents in the natural selection of colour and pattern in 
purely terrestrial insects. 

We may leave our tree-frog out of the discussion. It is 
largely nocturnal in habits and ‘‘De noche todos los gatos son 
pardos.’’ Moreover, it apparently finds Dysdercus as palatable 
as did Heikertinger’s frogs and toads the related Pyrrhocoris 
apterus. 

There remain the reptiles, birds and mammals, of which 
the latter may be left out of the question as entirely negligible 
under Cuban conditions. The birds are an uncertain quantity. 
We have not seen Dysdercus eaten by birds in Cuba; but in 
the preceding section there is collated evidence that fellow 
members of the genus, sharing the usually conspicuous Dysdercus 
type of colouration, are eaten at least to some extent, by some 
birds. Heikertinger (1919, p. 191) found Pyrrhocoris readily 
eaten by several species of birds. Moreover, as noticed above, 
Heteroptera in general form one of the most important items in 
the diet of insectivorous birds. It is true, however, that every 
supposed case of warning colouration should be established on 
its own merits, and it must therefore be admitted that possibly 
Dysdercus andre@ is entirely distasteful to Cuban birds, and 
owes its abundance to the comparative immunity thus acquired. 
In view, however, of the general evidence adduced above, this 
possibility must not be made a positive assumption until a 
thorough study of the stomach-contents of the commoner Cuban 
insectivorous birds has brought some supplementary evidence 
that these insects form no part of the normal diet. 

The abundance of small lizards in Cuba is exceptional. 
Their numbers, their ubiquity and their agility render them 
probably the most important vertebrate enemies of insects in 
Cuba. And we have seen that D. andree forms at least a part 
of the normal diet of the commonest of them, Anolis sagre.* 

At present then, the only evidence that Dysdercus andree 
is distasteful and that the distastefulness is associatid with its 
conspicuous colouration are the facts that it zs abundant and 
is conspicuous and has no more obvious means of defence. 


*The behavior of two of these lizards which allowed copulating Dysderci to 
crawl upon their bodies affords no evidence against this conclusion. In New 
Zealand I have repeatedly watched bluebottles, beetles, earthworms and other 
accepted food-animals crawl on the body of a tuatara (Sphenodon punctatum) or 
over its feet, without eliciting the slightest response, even when the animal was 
known to be hungry. Such behavior would seem more readily explicable in 
psychological than in gastronomic terms. 
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Heikertinger, if he admitted there were a legitimate problem 
in the case of D. andree@ at all, would perhaps suggest misoneis- 
mus as a solution, as in the case of the closely allied and similar 
Pyrrhocoris apterus (1922, 1919). This author recognizes no 
other experimentally valid content in the theory of warning 
colouration. He proved, by most ingenious experiments, that 
the frequent rejection of this Pyrrhocorid by various vertebrate 
enemies depended upon colour and form alone. Eagerly eaten, 
obscurely-coloured Pentatomids were avoided when painted to 
resemble Pyrrhocoris or plastered with its hemielytra. In those 
cases in which Pyrrhocoris or its imitation was eaten in the end, 
he ascribes the preliminary rejection to Misoneismus or distrust 
of the strange. In the case of Dysdecrus, so plentiful, so wide- 
spread and so conspicuous, this principle could scarcely con- 
ceivably operate, at least under the conditions we have described 
in Cuba. The only class of Cuban insect-eating vertebrates 
which we have not been able to demonstrate as enemies of D. 
andree are the birds; and these, by reason of their mobility, 
their ubiquity and their keen vision, are precisely the ones 
which are likely to be the most familiar with the appearance of 
such an abundant insect. 

In those cases, e. g., experiments with lizards, in which the 
Pyrrhocoris or its imitation was not eaten in the end, Heikert- 
inger ascribes the total rejection to the fact that such insects 
do not form part of the normal diet. This conception is develop- 
ed more fully in an earlier paper devoted chiefly to problems of 
phytophagy (1915) and enunciating the principle of taste- 
specialisation in the animal world. Every animal has a definite 
circle of organisms as nourishment. In the normal food a 
protection is logically unthinkable; in the other it is unnecessary. 
We think, however, that there is sufficient variation in the 
food-habits of insectivorous vertebrates to take from this 
principle most of its validity as a criticism of the theory of 
warning colouration. Asan example, take the nests of termites, 
which, whether built of carton or hollowed in wood, are ordi- 
narily invulnerable to small lizards. I cut open such a nest in 
the Cuban forest. Swarms of termites fall to the ground. 
In a few minutes one hears, on every side, a rustle and a patter 
on the dead leaves, as of an oncoming shower. Small lizards, 
chiefly Anolis sagre, are hurrying in from every direction and 
from a distance of many yards. Some hop from twig to twig of 
the undergrowth; others scurry over the rustling leaves. One 
feels a light touch on the back; an Anolis trips lightly over 
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one’s shoulder and down one’s front to the termites on the 
ground below. It is astonishing to see the rapidity with which 
the lizards assemble and the celerity with which the termites 
are devoured. These lizards are diurnal; the termites are 
ordinarly protected in their nests, and in their movements 
abroad are sheltered by covered run-ways. It would therefore 
seem that they could in no sense form part of the normal diet 
of the lizards, to which only accident can render them accessible. 
But the spectacle of a seething mass of termites in a broken 
nest inspires nothing akin to misoneismus in the lizards, nor 
do they ignore the comparatively unfamiliar food. 

In conclusion, I cannot resist the temptation to report one 
case in which the ‘‘warning colouration”’ of Dysdercus andree 
apparently accomplished all that the theory demands. In the 
Trinidad Mountains, our companion in the forest one day, a 
member of the Rural Guard, exclaimed warningly ‘‘ Pica! Pica’”’ 
(‘It stings! It stings! ’’) when I picked up an example of 
D. andree. Whether he mistook it for the somewhat similar 
Reduviid, Zelus rubidus, which is said (Bruner, 1926, Mem. 
Soc. Cubana Hist. Nat. ‘‘ Fel. Poey’’, vol. 7, p. 78) to be ‘‘capaz 
de producir picadas dolorosas al ser cogido’’, or whether he 
suspected such capacity from the ‘‘warning colouration’’ I am 
not sure. 
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STUDIES ON THE CRANE-FLIES OF MEXICO. 
PART III.* 


(Order Diptera, Superfamily Tipuloidea). 


CHARLES P, ALEXANDER, 
Amherst, Massachusetts. 


The present paper is a further contribution to our knowledge 
of the Mexican crane-flies. The preceding parts appeared in 
1925 and 1926 (Annals Ent. Soc. America, 18: 341-362, 1925; 
19: 158-179, 1926). The present instalment is based on the 
extensive collections made in the State of Chiapas during 1926 
by my friend, Dr. Alfons Dampf, who very kindly allowed me 
to retain the types of the novelties. The majority of the 
specimens were secured in the vicinity of San Cristobal las Casas, 
the former capital of Chiapas (altitude 2100 meters) and on 
the neighboring ranges of the Zontehuitz and Moshbiquil 
mountains, the highest altitude at which Tipulide were taken 
being on the summit of the Zontehuitz, at an altitude of 2800 
meters. Other large and representative series were secured at 
lower altitudes, at the Rancho Sabino Perez (altitude nearly 
500 meters), Santa Lucia (altitude 575 meters) and San Isabel 
(altitude about 650 meters), making a notable contrast with the 
fauna of the high altitudes around San Cristobal. Still other 
collections were made at Tonala, a station on the Pan-American 
Railway, near the Pacific Ocean, and one of the hottest parts 
of the Mexican Republic (M. F. Nos. 930, 930a). The entire 
collection, including more than 1000 specimens, is of the great- 
est possible value in the unusual number of records that it 
includes. 

The following Mexican Biocenosis (M. B.) and Mexican 
Fauna (M. F.) numbers of the collector require the following 
summary. These and all others in the series are to be made the 
subject of exhaustive memoirs on the Mexican fauna and flora 
by the distinguished collector. 


*Contribution from the Entomological Laboratory of the Massachusetts 
Agricultural College. 
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Hueitepec: Swept in the dense leafy woods covering the 
Hueitepec, near San Cristobal, altitude 2600 meters. M. B. 
170. Limonia ludibunda sp. n., as well as an undescribed 
species of Elephantomyia and the most northerly species yet 
discovered of the 7ipula monilifera group. 

Zontehuitz: Typical dense, damp virgin forest near the 
summit of the Zontehuitz, altitude 2750 meters, in immense 
numbers between the leaves of a Bromelia association. M. B. 
176. Dicranomyia exeta sp. n., Erioptera dampfi sp. n., Molo- 
philus fuscopleuralis sp. n. 


San Cristobal: Very narrow, shadowy ravine of a small 
mountain brook, falling in cascades from the Moshbiquil 
mountain to the valley of San Cristobal, arising from a spring 
some 75 meters higher. M. B. 190, 190a. Gonomyia chi- 
apasensis sp.n., Erioptera (Mesocyphona) apicinigra sp.n., E. (M) 
saturata sp. n., Molophilus obediens sp. n., and undescribed 
species of Geranomyia, Epiphragma and Atarba, not discussed 
at this time. 

San Isabel: Altitude about 650 meters, near a swift flowing 
brook; typical pine ridge vegetation; attracted by light. M. F. 
1057. Erioptera (Erioptera) quadricincta sp.n., E. (Empeda) 
stygia sp.n., E. (Mesocyphona) modica sp. n., E. (M.) leucopasta 
sp. n., Rhabdomastix (Rhabdomastix) isabella sp. n. 

Besides the novelties discussed herein, Dr. Dampf has added 
most materially to our knowledge of distribution of previously 
described forms. The most interesting feature of the Chiapas 
collections might be considered the unusual development of 
the subgenus Mesocyphona of Erioptera Meigen, no fewer than 
11 species having been taken on this expedition. 

In the present report and others to be published under this 
title, the venation of the radial field of the wing is materially 
changed. The detailed paper by the writer discussing this 
modification should be consulted (The interpretation of the 
radial field of the wing in the Nematocerous Diptera, with 
special reference to the Tipulide. Proc. Linn. Soc. New South 
Wales, 52, 1927, in press). 

I wish to express my deepest thanks to Dr. Dampf for the 


great privilege of examining this unequalled series of Mexican 
Tipulide. 
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Limonia Meigen. 


Limonia infucata sp. n. 


General coloration orange, the praescutum with the narrow inter- 
spaces conspicuously dark brown; front silvery; antenne brownish 
black throughout; halteres elongate, black; wings dark brown, Sc very 
long, Sc2 at the tip of Sc:; male hypopygium with the ventral dististyle 
an oval fleshy lobe, the rostral prolongation without the usual spines. 

Male. Length about 5 mm.; wing, 7.3 mm. 

Rostrum and palpi dark brown. Antennz brownish black through- 
out; basal flagellar segments subglobular, becoming more elongate 
outwardly, the outer segments elongate-cylindrical. Front and anterior 
vertex silvery, the posterior vertex rufous; vertex narrow, the silvery 
coloration ending at the narrowest point. 

Pronotum light brown, vaguely variegated with darker. Meso- 
notum high and gibbous. Praescutum bright orange-rufous, the inter- 
spaces appearing as narrow dark brown lines, extending from the 
humeral region, crossing the suture, and then appearing as narrower 
margins on the mesal and caudal margins of the scutal lobes; scutum 
and scutellum orange-rufous, the median area of the former a little 
paler, the caudal portions of the latter more infuscated; postnotal 
mediotergite obscure orange, darker laterally. Pleura testaceous yellow, 
indistinctly variegated by a narrow brown stripe passing from the 
fore coxa above the halteres, on the pleurotergite becoming more 
extensive. Halteres elongate, black, only the extreme base of the 
stem brightened. Legs with the coxe yellow, the trochanters more 
obscure; remainder of legs brownish black, the femoral bases scarcely 
brightened; tarsi a trifle paler than the tibie but not evidently bright- 
ened. Wings relatively long, narrowed basally, dark brown, the stigma 
indicated only by a narrow seam at the end of vein R2; veins darker 
brown. Venation: Sc very long, Sc; ending just before the fork of Rs, 
Sc at its tip; Rs long, subangulate at origin; basal section of R, relatively 
short; distal section of Ry longer; Re; about two-thirds R3; cell 1st Me 
short-rectangular; m-cu shortly before the fork of M, subequal to the 
distal section of Cm; cell 2nd A relatively narrow, vein 2nd A being 
gently sinuous. 

Abdominal tergites dark brown, the sternites obscure brownish 
yellow; hypopygium and segment eight somewhat paler. Male hypo- 
pygium with the ventral dististyle appearing as a relatively small oval 
fleshy lobe, the rostral prolongation conspicuous, nearly glabrous, pro- 
vided with a few setz but without the usual spines; before apex on outer 
margin with a small pale triangular flange. 


Holotype, &@, east of San Cristobal, swept from bushes in 
dense forest of oaks and pines, altitude 2250 meters, July 7, 
1926 (A. M. Dampf); M. B. 186. 
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Limonia perflaveola sp. n. 


Male. Length about 3.5 mm.; wing, 4.5 mm. 

Very closely allied to L. alfaroi (Alex.), of which it may perhaps 
prove only a variety, differing especially in the shorter subcosta. 

Antennal flagellum pale brown. Remainder of body entirely pale 
yellow, the mesonotum a little more reddish yellow. Wings with the 
stigmal spot oval, distinct but pale; Sc relatively short, Sc; ending 
before midlength of Rs, in most cases at near one-third the length of 
this vein; in most specimens a series of macrotrichie on the distal 
third of vein 2nd A. 


Holotype, &@, Cerro San Cristobal, June 29, 1926 (A. M. 
Dampf); M. F. 1005. 

Paratopotype, #, June 30, 1926; M. F. 1007; paratype, 2, 
San Cristobal, June 4, 1926; M. F. 940. 


Limonia ludibunda sp. n. 


Thoracic praescutum reddish yellow with three dark brown stripes; 
head black with a silvery-white longitudinal line; pleura dark with a 
pale longitudinal stripe; wings brownish yellow with a heavy brown 
pattern, Sc relatively short, ending just beyond the origin of Rs. 

Male. Length about 6 mm.; wing, 7.3 mm. 

Rostrum and palpi black. Antennz black throughout, the basal 
flagellar segments short-oval, with short pedicels, the outer segments 
becoming more elongate-oval. Front and the narrow anterior vertex 
pure silvery-white, the coloration extended caudad onto the posterior 
vertex as a similar narrow line to the occiput, the remainder of the 
posterior vertex and occiput black. 

Pronotum yellow, dark laterally. Mesonotal praescutum reddish 
yellow with three dark brown stripes, the humeral region and broad 
lateral margins of the sclerite yellow; scutum dark brown, the lateral 
margins of the lobes narrowly yellow, the median area, the scutellum 
and the postnotum black, sparsely dusted with gray. Pleura dark 
brown dorsally, restrictedly paler brown on the ventral sternopleurite, 
the two enclosing a broad pale longitudinal stripe that extends from 
behind the fore coxa to the meron, the surface sparsely pruinose. 
Halteres pale, the knobs dark brown. Legs with the coxe and tro- 
chanters brownish yellow; femora brown, their bases more yellowish, 
the tips passing into dark brown; tibie dark brown, the tips and the 
tarsi black. Wings relatively long and narrow; membrane with a 
brownish yellow suffusion, clearer yellow before and beyond the origin 
of Rs, in the outer end of cell M, and the ground-color of the cells 
beyond the cord; stigma, a large spot at origin of Rs and end of vein 
Sc, the cord and outer end of cell /st M2, and conspicuous marginal 
spots at ends of veins M3, M,, Cu, and the Anal veins dark brown; 
distal portions of cells R, and R; conspicuously suffused with paler 
brown; veins brown, paler in the cream-colored areas, darker where 
traversing the brown spots. Venation: Sc relatively short, Sc, ending 
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at about opposite one-fourth to one-fifth the length of Rs, Sc, not far 
from its tip and likewise beyond the origin of Rs; Rs relatively short, 
angulated and weakly spurred at origin; inner end of cell R; lying 
proximad of cell /s¢ M2, the latter cell about as long as vein M142 beyond 
it; m-cu at the fork of M, subequal to the distal section of Cu; vein 
2nd A relatively long and gently sinuous. 

Adominal tergites dark brownish black, the basal segments a little 
variegated baso-laterally with obscure yellow; sternites black, the first 
segment yellow; basal sternites narrowly ringed caudally with yellow; 
ventral dististyle of hypopygium pale. Male hypopygium with the 
ventro-mesal lobe of the basistyle very stout and sessile, terminating in 
a small apical papilla. Ventral dististyle smaller than the basistyle, 
deeply split apically into two parts, that bearing the rostral prolongation 
very broad, approximately equal in area to the remainder of the style; 
the actual beak-like portion is small, the usual two spines far removed 
from the rostrum, lying on the face of the lobe near its end, surrounded 
by a group of short delicate sete. 


Holotype, &#, Hueitepec, in dense leafy woods, altitude 2600 
meters, June 14, 1926 (A. M. Dampf); M. B. 170. 

Limonia ludibunda bears a_ superficial resemblance to 
Dicranomyia osterhouti Alex. and D. translucida Alex. (Panama), 
but is a very distinct fly. 


Dicranomyia Stephens. 


Dicranomyia exeta sp. n. 


General coloration dark brown; front silvery; wings tinged with 
brown, the stigma darker brown, preceded and followed by a paler 
area; Sc short, Sco close to the tip of Sci; Rs angulated and weakly 
spurred at origin. 

Male. Length about 4.5 mm.; wing, 5.5 mm. 

Rostrum and palpi black. Antenne black throughout; flagellar 
segments oval, more elongate outwardly. Head with the front and 
anterior vertex silvery-white; posterior vertex light gray with a blackish 
area on either side. 

Pronotum dark brown, the scutellum obscure yellow. Mesonotal 
praescutum shiny dark reddish brown with three darker brown stripes 
that are only a little darker than the ground-color, the humeral region 
obscure yellow; remainder of mesonotum dark brown, sparsely pruinose. 
Pleura dark brown, the dorsal portion of the sternopleurite extensively 
paler to produce a short, broad, longitudinal stripe. Halteres dark, 
the base of the stem narrowly obscure yellow. Legs with the fore 
coxze dark, the other coxe more yellowish testaceous; trochanters 
yellowish testaceous; femora yellow, the tips broadly infuscated; tibiz 
and tarsi dark brown. Wings with rather strong brownish tinge, the 
stigma brown, especially near the transverse veins; paler cream-colored 
areas before and beyond the stigma and in the anal region; small and 
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scarcely evident brown seams at end of Sc and origin of Rs; veins brown, 
the obliterative portions before the cord extensive. Macrotrichie of 
veins relatively conspicuous. Venation: Sc short, both Sc; and Sc 
ending just before the origin of Rs; Rs angulated and weakly spurred at 
origin; distal section of R; short, nearly in alignment with the basal 
section of Rs, r being very short and the distal section of Re, entirely 
atrophied; inner end of cell R3 lying far proximad of the other elements 
of the cord; cell 1st Mz subrectangular; m-cu at the fork of M, longer 
than the distal section of Cm. 

Abdomen dark brown, the sternites only a little paler; hypopygium 
with the ventral dististyle pale. Male hypopygium with the ventro- 
mesal lobe of the basistyle very short and sessile, terminating in a weak 
apical tubercle. Ventral dististyle much as in Limonia ludibunda sp. n., 
being split apically into two subequal portions, the mesal one of which 
bears the rostral prolongation; the spines located on the face of this 
mesal lobule, one spine gently curved, the other more nearly straight. 


Holotype, #, near summit of the Zontehuitz, in dense, damp 
virgin forest, altitude 2750 meters, June 20, 1926 (A. M. Dampf); 
M. B. 176. 

Dicranomyia exeta is not greatly different from Limonia 
ludibunda sp. n., especially in the peculiar structure of the male 
hypopygium. The two species furnish an interesting example 
of the insufficient grounds on which the genera Limonia and 
Dicranomyia are now being maintained as distinct. 


Gonomyia Meigen. 
Gonomyia (Gonomyia) chiapasensis sp. n. 


Allied to G. (G.) @qualis Alex. (Guatemala); rostrum obscure 
yellow; thoracic dorsum dark gray, the scutellum yellow; pleura blue- 
gray with a whitish yellow longitudinal stripe; halteres elongate; wings 
with a strong dusky tinge; male hypopygium with the dististyle bifid, 
the longest arm terminating in a simple black point. 

Male. Length about 5 mm.; wing, 6 mm. 

Female. Length about 5-5.2 mm.; wing, 6 mm. 

Rostrum obscure yellow, a little darker dorsally; palpi black. 
Antenne black throughout. Head dark gray. 

Pronotum gray, the anterior lateral pretergites sulphur-yellow, nar- 
rowly interrupted by a dark spot before the wing-root. Mesonotum 
dark gray, the praescutum with three very slightly darker brown 
stripes; pseudosutural foveze black; scutum dark gray, the median 
region a little paler; scutellum conspicuously yellow, darker medially 
at base; postnotum dark, dusted with gray, the cephalic lateral region 
narrowly yellowish. Pleura blue-gray with a conspicuous whitish 
yellow longitudinal stripe, extending from behind the fore coxa, on the 
pteropleurite becoming somewhat more yellowish and including the 
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whole sclerite; pleurotergite gray; dorsopleural membrane largely 
sulphur-yellow. Halteres elongate, brown, the base of the stem pale. 
Legs with the coxe dark gray, their lower faces brown; trochanters 
dark brown, paler beneath; remainder of legs dark brown, the bases 
of the femora paler. Wings with a strong dusky tinge, the stigma 
slightly darker, oval; veins dark brown. Venation: Sc; ending opposite 
or just beyond the origin of Rs, Sce very variable in position, sometimes 
at the tip of Sa, more often removed from this tip, in extreme cases 
Sc, alone being only a little shorter than m-cu; petiole of cell R; elongate, 
subequal to or only a little shorter than R,; cell 1st My elongate-rectang- 
ular, gently widened outwardly; m-cu a little less than its own length 
beyond the fork of M; anterior arculus lacking. 

Abdominal tergites dark brown, the sternites and hypopygium 
obscure yellow. Male hypopygium generally similar to G. (G.) equalis 
Alex.; outer fleshy lobe of the basistyle relatively slender, dark-colored, 
the small, triangular lobe at base relatively conspicuous; dististyle 
bifid, one arm forming a dusky rounded knob that terminates in about 
a dozen setz of various sizes, the other arm narrowed outwardly, the 
tip a simple slender black point with the tip obtuse. In e@qualis this tip 
is bifid. Aedeagus and gonapophyses much as in e@qualis, the sub- 
terminal spine of the former long and slender. 


Holotype, &#, San Cristobal, altitude 2100 meters, June 4, 
1926 (A. M. Dampf); M. F. 940. 
Allotype, 2, near San Cristobal, July 17, 1926; M. B. 190a. 


Paratypes, 5 &@ &, with the allotype. 


Gonomyia (Lipophleps) maya sp. n. 


Belongs to the manca group; head and rostrum orange; antennz 
entirely dark; thoracic pleura with a faint silvery longitudinal stripe; 
wings with the stigma barely indicated; male hypopygium with the 
dististyle simple, fleshy, unarmed, terminating in a single powerful 
fasciculate seta. 

Male. Length about 3.3 mm.; wing, 3.7 mm. 

Rostrum orange, the palpi black. Antenne dark brown throughout; 
flagellar verticils elongate, as in the males of this subgenus. Head 
orange, the vertex behind infuscated. 

Pronotum yellowish, darker medially; anterior lateral pretergites 
and antero-lateral margins of the praescutum bright sulphur-yellow. 
Mesonotal praescutum light brown, sparsely dusted with gray; median 
area of scutum broadly obscure yellow; scutellum brown, broadly 
margined caudally with yellowish; postnotum chiefly pale reddish 
brown. Pleura reddish brown, with a broad silvery longitudinal area 
beginning behind the fore coxa, passing beneath the halteres; dorso- 
pleural region dark. Halteres brownish testaceous, the knobs obscure 
brownish yellow. Legs with the coxe and trochanters reddish testace- 
ous; femora obscure brownish yellow, passing into dark brown on the 
outer half; tibiae and basitarsi light brown, the tips darker brown; 
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remainder of tarsi dark brown. Wings relatively broad} with a rather 
strong brownish tinge, the costal region clearer yellow; stigma very 
pale brown, scarcely evident against the dark ground-color; veins pale 
brown. Venation: Sc; ending a short distance before the origin of Rs, 
the distance shorter than m-cu; cell 1st Mz, closed; m-cu close to the 
fork of M. 

Abdominal tergites light brown, the sternites yellow; male hypopy- 
gium yellowish. Hypopygium much as in G. (L.) manca (O.'S.), the 
basistyle long and slender, with a single small fleshy dististyle that 
terminates in a single very powerful fasciculate seta; besides this, the 
dististyle bears three bristles of medium size and three smaller ones on 
the mesal face. Gonapophyses asymmetrical, entirely pale, the longest 
with the basal half or more a broad flattened plate that narrows abruptly 
into a spinous tail-like portion, this latter narrowed gradually to the 
acute spinous tip; the smaller apophysis is a stout, flattened, sickle- 
shaped blade. Aedeagus long and slender, approximately as long as 
the basistyles, narrowed very gradually to the acute tip. 


Holotype, #, San Isabel, altitude about 650 meters, July 30, 
1926 (A. M. Dampf); M. F. 1057. See additional ecological 
notes at beginning of this report. 

Paratopotype, 3. 


Teucholabis Osten Sacken. 


Teucholabis dampfi sp. n. 

General coloration shiny coal-black; pronotum obscure yellow; 
knobs of the halteres orange; two silvery areas on the thoracic pleura; 
wings subhyaline; stigma subcircular, dark brown; a narrow pale 
brown seam on the anterior cord; abdomen black. 

Male. Length, 5-6 mm.; wing, 5.8 — 7 mm. 

Rostrum and palpi black. Antenne black throughout; flagellar 
segments short-oval. Head shiny black. 

Pronotum obscure yellow, the scutellum and pretergites black. 
Mesonotum shiny coal-black, the scutellum a trifle paler. Pleura 
black, with two conspicuous paler areas that are covered with a dense 
microscopic silvery pubescence, one area on the dorsal portion of the 
sternopleurite, the other on the meron; dorso-pleural membrane dark. 

Halteres dark, the knobs conspicuously orange. Legs with the fore 
cox obscure yellow, the anterior face darkened; remaining coxz obscure 
yellow; trochanters yellow, the tips darkened; femora obscure yellow, the 
tips blackened, broadest on the fore femora where the distal two-thirds 
or more is included, much narrower on the middle and hind femora;.fore 
tibie black, middle and hind tibiz brownish yellow, the tips narrowly 
blackened; tarsi brownish black. Wings subhyaline; stigma subcircular, 
dark brown; a paler brown seam on the anterior cord and a similar 
vague wash at near midlength of cells M, Cu and 1st A; veins black. 
Venation: Sc relatively short, Sc; ending about opposite one-third to 
two-fifths the length of Rs, Sc2 variable in position, in cases removed 
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from the tip of Sc, in others closer to this tip; Re43,4 short to virtually 
obliterated; basal section of R: oblique in position, about equal to 
Rise; cell 1st Mz elongate; m-cu close to the fork of M; vein 2nd A 
nearly straight. In some cases, Scz is atrophied. 

Abdomen black, including the hypopygium; in some specimens the 
bases of the sternites narrowly paler. 


Holotype, #, summit of one of the mountains of the Moshbi- 
quil range, altitude 2500 meters, in pine forest, July 17, 1926 
(A. M. Dampf); M. F. 1033. 

Paratopotypes, 15 aoa. 

The types were found swarming about five feet above the 
ground. 

Teucholabis dampfi is named in honor of the collector, Dr. 
Dampf, who has added so vastly to our knowledge of the insects 
of Mexico. It is readily distinguished by the diagnostic features 
as given above. By means of the writer’s key to the American 
species of the genus (Trans. Amer. Ent. Soc., 40: 235-239; 
1914), the species runs out at couplet 14. 


Erioptera Meigen. 
Erioptera (Empeda) stygia sp. n. 

Size very small (wing, o’, 3 mm. or less); general coloration brownish 
black; wings strongly suffused with blackish; Sc short, veins R; and R, 
divergent. 

Male. Length about 2-2.4 mm.; wing, 2.5-3 mm. 

Rostrum and palpi dark brown. Antennz brownish black through- 
out. Head dark brown. 

Thorax entirely brownish black. Halteres brownish black, the 
basal third of the stem paler. Legs with the coxe and trochanters 
brown; remainder of legs dark brown. Wings strongly suffused with 
blackish, the stigma scarcely darker; veins dark brown. Venation: Sc 
very short, Sc; ending just beyond the origin of Rs, Sc, somewhat 
removed from its tip, exactly opposite this origin; Roi344 a trifle longer 
than the basal section of R2; R3,4 straight, longer than R3; R3 and R, 
strongly divergent, R; being oblique in position, cell Rs at margin 
being more than twice as wide as cell R2; petiole of cell M3; shorter than 
m-cu, the latter at the fork of M. 

Abdomen brownish black, the hypopygium a trifle paler. 


Holotype, #, San Isabel, altitude about 650 meters, July 30, 
1926 (A. M. Dampf); M. F. 1057. Additional ecological notes 
given at the beginning of this report. 

Paratopotype, &. 

E. (E.) stygia is one of the smallest species of Empeda so 
far described. 
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Erioptera (Empeda) oresitropha sp. n. 


General coloration dark gray; wings cream-colored, the base and 
costal region brighter; stigma conspicuous, dark brown; paler brown 
clouds on the cord and along vein Cw in cell M; wing-apex a little 
suffused with dusky. 

Male. Length about 4 mm.; wing, 5 mm. 

Rostrum and palpi black. Antenne black throughout. Head 
brownish gray. 

Pronotum dark gray, yellowish laterally. Mesonotal praescutum 
dark gray, without stripes; antero-lateral pretergites narrowly sulphur- 
yellow; humeral triangles paler than the ground-color; pseudosutural 
fovez black. “Pleura dark gray, the region of the wing-base ochreous. 
Halteres obscure yellow, the knobs dark brown. Legs with the coxz 
and trochanters brown; femora brownish black; tibize brown, the tips 
narrowly darker; tarsi brownish black. Wings cream-colored, cells C 
and Sc and the wing-base more yellowish; stigma oval, dark brown; 
distinct paler brown clouds along the cord and vein Cu, the latter almost 
covering the distal half of cell M; wing-apex more or less suffused with 
dusky; veins pale, much darker in the clouded areas. Venation: Sc 
long, Sc; ending about opposite three-fifths the length of the long Rs, 
Sc faint, far from the tip of Sc, the latter alone about equal to r-m; 
basal deflection of Re shorter than Re,3;4; veins R; and R, generally 
parallel to one another, cell R: at margin being only a little narrower 
than cell R3; petiole of cell M3; about equal to m-cu, the latter at the 
fork of M. 

Abdomen brownish black, including the hypopygium. Male hypo- 
pygium with the apex of the basistyle a little produced. Outer dististyle 
strongly bifid, the outer arm shorter, its apex expanded. Inner disti- 
style gently curved, a little expanded outwardly, the surface with a 
few scattered setule. 

Holotype, #, Summit of the Zontehuitz, north of San Cristo- 
bal, altitude 2800 meters, swept from low bushes, Baccharis 
and Gaultheria, June 20, 1926 (A. M. Dampf); M. B. 174. 

E. (E.) oresitropha is generally similar to the larger E. (E.) 
alticola Alex., differing conspicuously in the wing-pattern, the 
longer and more evident macrotrichie of the wing-veins and 
the details of venation. 


Erioptera (Erioptera) quadricincta sp. n. 

Allied to’ E. (E.) annulipes Will.; tibiz with four dark and four 
white annuli, the first dark ring narrowest and basal in position; vein 
2nd A sinuous, the apex simple. 

Male. Length, 2.8-3 mm.; wing, 2.8-3 mm. 

Female. Length about 3.3 mm.; wing, 3-3.1 mm. 

Rostrum and palpi brownish black. Antennal scape brownish 
black, the flagellum paler, especially the basal segments. Head clear 
light gray. 
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Mesonotal praescutum pale grayish brown to yellowish brown, 
brighter brown laterally, the interspaces narrowly darker and provided 
with a row of conspicuous dark setz; posterior sclerites pale. Pleura 
pale brown with a narrow silvery longitudinal stripe extending from 
behind the fore coxa, passing beneath the root of the halteres. 
Halteres pale, the stem before the knob a little darkened. Legs with 
the coxz and trochanters testaceous; femora testaceous yellow at base, 
the remainder white with four brown to brownish black rings, the first 
paler and sometimes more poorly indicated, the remaining annuli 
increasing in size outwardly, the white inter-rings narrow, the extreme 
tip white; tibiz white with four brownish black rings, the first narrow- 
est, at the base of the segment, the others alternating with narrower 
white rings, on the posterior tibize the light and dark annuli subequal 
in area, the apical ring white; basitarsi with the basal third and apical 
third black, the central third white; second tarsal segment white; 
remainder of the tarsi black, forming the third dark tarsal ring; the 
femora thus appear to have four dark rings, of which the first may be 
more or less indistinct, the tibiz four rings, the first narrow and basal 
in position, the tarsi with three dark rings, of which two are on the 
basitarsi. Wings grayish yellow, with marginal dark spots at the ends 
of the veins, alternating with white spots in the ends of the cells, the 
white areas more extensive than the dark; veins yellow, darker in the 
infuscated areas; Sco and the cord brownish black. Venation: m-cu in 
alignment with r-m, some distance beyond the fork of M; vein 2nd A 
sinuous, the tip simple. 

Abdomen pale brown, the hypopygium yellow. 


Habitat: Mexico, Guatemala. 

Holotype, #, San Isabel, Chiapas, altitude about 650 meters, 
July 30, 1926 (A. M. Dampf); M. F. 1057. 

Allotype, 2, Tonala, May 23, 1926; M. F. 930a. 

Paratopotypes, several @ 2 ; paratypes, 2, with the allotype; 
o' 2, Santa Lucia, Chiapas, altitude 575 meters, July 29, 1926; 
M. F. 1055; o& 2, Rancho Sabino Perez, altitude nearly 500 
meters, July 28, 1926; M. F. 1052; @, Aguna, Guatemala, 
altitude 2000 feet, (Dr. G. Eisen). 


Erioptera (Erioptera) dampfi sp. n. 

General coloration ochreous; wings pale yellowish subhyaline, the 
veins pale; male hypopygium with the outer dististyle deeply bifid, 
the arms slender; gonapophyses appearing as long slender rods. 

Male. Length about 4-4.2 mm.; wing, 5-5.2 mm. 

Female. Length about 4.5 mm.; wing, 5.8-6 mm. 

Rostrum ochreous; palpi dark brown. Antennz brownish black, in 
some cases the terminal segments of the flagellum a little paler. Head 
ochreous. 

Thorax pale ochreous yellow, in cases with a faint brownish tinge, 
the lateral pretergites and lateral margins of the sclerite whitish yellow; 
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pseudosutural fovez pale. Pleura brownish testaceous, the sterno- 
pleurite and ventral pleurotergite paler, more yellowish to form a vague 
longitudinal stripe. Halteres pale, the knobs a little darker. Legs 
with the coxz and trochanters obscure yellow, the fore cox darker; 
remainder of legs yellow, the terminal tarsal segments darker. Wings 
pale yellowish subhyaline, the veins and trichiz only a little darker. 

Venation: Royss4 about twice the basal section of R;; cell Mz open; 
vein 2nd A relatively short, ending before midlength of Rs, only the 
distal fourth or less sinuous. 

Abdomen dark brown, the hypopygium a little paler. Male hypo- 
pygium with the outer dististy le deeply bifid, the-arms slender, the inner 
arm about one-half longer than the outer, forming a gently curved 
black spine. Inner dististyle broader at base, near midlength narrowed 
into a gently curved sinuous spine. Gonapophyses appearing as long, 
slender, nearly straight pale rods, lying generally parallel to one another. 


Holotype, #, near summit of the Zontehuitz, in dense, damp 
virgin forest, in immense numbers between the leaves of 
Bromelia association, altitude 2750 meters, June 20, 1926. 
(A. M. Dampf); M. B. 176. 

Allotopotype, 2. 

Paratopotypes, 30 7 9. 

This very interesting Erioptera is dedicated to the collector, 
Dr. Alfons Dampf, to whom I am vastly indebted for many 
favors. 


Erioptera (Mesocyphona) saturata sp. n 


Male. Length about 3 mm.; wing, 3.8-3.9 mm. 

Female. Length about 3.8 mm.; wing, 4.8 mm. 

Generally similar to E. (M.) eiseni Alex., differing especially in the 
darker coloration of the body, the dark wings with the white spotted 
pattern more contrasted, the conspicuous black subterminal ring of the 
femur, and especially the structure of the male hypopygium. 

Mesonotal praescutum with the stripes more grayish than yellowish, 
the interspaces and lateral margins black. Legs with the femora 
yellow, with a broad black subterminal ring, about one-half wider than 
the pale apex, the yellow coloration before and beyond this ring some- 
what paler than the remainder of the femur; fore femora with a much 
narrower additional black premedian ring; tips of the tibie narrowly 
and weakly infuscated but scarcely blackened; basitarsus yellow, the 
tip and remainder of the tarsi dark brown. Wings with the ground- 
color much darker than in eiseni; costal margin more yellowish, especially 
basally; the white pattern arranged as in eiseni but appearing more 
contrasted against this darker background; spots at ends of veins 
Ri42 and R; widely separated. 

Male hypopygium with the outer dististyle strongly bifid, as in 
the subgenus, but the inner arm stout and weakly split at apex into 
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two short divergent points; inner dististyle broad at base, the distal 
half markedly narrowed and strongly sickle-shaped. Gonapophyses 
flattened, relatively broad, the tips obliquely truncated. 


Holotype, &#@, near San Cristobal, in shaded ravine of 
mountain brook, altitude nearly 2200 meters, July 17, 1926. 
(A. M. Dampf); M. B. 190 a. 

Allotopotype, 9°. 

Paratopotypes, 2 Aa. 


Erioptera (Mesocyphona) apicinigra sp. n. 


Male. Length about 2.8 mm.; wing, 3.6 mm. 

Generally similar to E. (M.) eiseni Alex., differing especially in the 
broad blackened apices of the femora and the structure of the male 
hypopygium. 

Mesonotal praescutum with the stripes more grayish than yellowish, 
the interspaces black, the lateral margins narrower and paler. Legs 
with the femoral tips broadly blackened, on the posterior legs including 
more than the distal fifth; posterior femora with a still broader median 
black ring, the two enclosing a narrow subterminal yellow annulus; 
tips of the tibiz infuscated but not blackened; basal two tarsal segments 
yellow, their tips and the remainder of the tarsi infuscated. Fore legs 
broken. Wings with the costal half much darker than the posterior 
half, the spots large and contrasted; costal margin almost uniformly 
dark; no white spots in the anal cells except those at the ends of the veins. 

Male hypopygium as in eiseni, the arms of the outer dististyle and 
the inner dististyle all very slender and heavily blackened, the tips 
acute and simple, very gently curved; inner dististyle without scattered 
sete, as in eiseni. Gonapophyses long and slender, the two taken 
together appearing lyriform, the extreme tips very weakly expanded, 
pale, obtuse. 


Holotype, #, near San Cristobal, in shaded ravine of moun- 
tain brook, altitude nearly 2200 meters, July 17, 1926 (A. M. 
Dampf); M. B. 190 a. 


Erioptera (Mesocyphona) leucopasta sp. n. 


Male. Length about 2.5 mm.; wing, 2.9 mm. 

Female. Length about 3 mm.; wing, 3.2 mm. 

Somewhat resembling in its general appearance, a small specimen 
of E. (M.) eiseni Alex., differing in the wing and leg coloration and, 
especially, in the structure of the male hypopygium. 

Praescutal stripes broad, restricting the dark brown interspaces. 
Legs with the femora yellow, with a conspicuous brownish black ring 
close to the tip, the apex beyond it scarcely one-fourth the length of 
this ring, white; a similar narrow whitish ring precedes the dark annulus; 
no premedial dark ring on fore femur; tip of tibiae narrowly but con- 
spicuously dark brown; tarsi pale yellow, the terminal two segments 
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and the tips of the others brown. Wings with a conspicuous dark 
brownish ground coloration that is only slightly paler in the posterior 
cells; wing-spots numerous and small; a series of about six such spots 
along the costa in the space beyond / and including the end of vein 
R142; the other marginal white spots are likewise small; the marks 
along the cord and the other white areas of the disk similarly restricted; 
veins dark, white in the pale areas. 

Male hypopygium of very distinct structure. Outer dististyle 
profoundly bifid, the basal portion including only about one-fourth the 
total maximum length of the style; outer arm a straight slender smooth 
spine; inner arm longer, the basal half or a little more stouter, the 
outer margin with a series of five or six irregular teeth, the long apex 
a straight acute spine. Inner dististyle a flattened pale blade, at the 
widest point about one-fourth the length, the base very narrowly 
constricted, the outer margin densely fringed with long yellow sete. 
Gonapophyses dark, the tips blackened, at about two-thirds their 
length strongly curved mesad toward one another, their tips subacute. 


Holotype, #, San Isabel, altitude about 650 meters, July 
30, 1926 (A. M. Dampf); M. F. 1057. 

Allotoptype, 292. 

Paratopotype, 2°. 





Erioptera (Mesocyphona) modica sp. n. 


Male. Length about 1.8 mm.; wing, 2.3 mm. 

Female. Length about 2.2 mm.; wing, 2.7-2.8 mm. 

Very similar to E. (M.) invariegata Alex. (Amazonian Peru) in the 
unmarked wings and uniformly darkened legs, differing in certain minor 
details, as the uniformly pale halteres. The discovery of the male sex 
of invariegata will surely furnish genitalic differences. 

Antennal flagellum paler than the scape. Scutellum pale testaceous. 
Halteres uniformly pale yellow. Male hypopygium with the dististyles 
long and conspicuous, the outer style a long straight rod, at about two- 
thirds the length angularly bent and narrowed to a long acute apical 
spine. Inner dististyle about as long, firmly fused with the outer style 
or arm, the tip expanded, bifid, the large outer arm truncated, its 
surface microscopically roughened, the slender subapical arm appearing 
as a pale straight rod. Gonapophyses appearing as elongate decussate 
rods, black, narrowed gradually to the acute tips. 


Holotype, &@, Santa Lucia, altitude 575 meters, July 29, 
1926 (A. M. Dampf); M. F. 1055. 

Allotopotype, 2. 

Paratopotypes, % 2; paratypes, 72, San Isabel, July 30, 
1926; M. F. 1057; o&, between Santa Lucia and San Isabel, 
July 30, 1926; M. F. 1056; 9, Rancho Sabino Perez, altitude 
nearly 500 meters, in hilly country, July 28, 1926; M. F. 1052. 
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Rhabdomastix Skuse. 


Rhabdomastix (Rhabdomastix) isabella sp. n. 


Antenne (co) approximately four times as long as the body; meso- 
notum brown, the pleura darker brown; wings brownish gray, the stigma 
darker; Rs relatively short, R; oblique in position, remote from the tip 
of Rj. 

Male. Length about 5 mm.; wing, 5.2 mm.; antenna about 21 mm. 

Rostrum obscure yellow, the palpi brown. Antennz (<) elongate, 
about four times as long as the entire body; scapal segments dark 
brown, the flagellum yellow, the outer segments darker; first flagellar 
segment about one-third longer than the second, the succeeding segments 
becoming more elongated and attenuated, the extreme tips of the 
individual segments dark. Head brown. 

Pronotum and mesonotum uniformly rather dark brown, the surface 
subnitidous; scutellum yellowish testaceous; postnotum dark, paler 
laterally and at base. Pleura dark brown, darker than the notum; 
meron large. Halteres pale. Legs with the coxze brown; trochanters 
elongate, brownish testaceous; remainder of the legs broken. Wings 
with a brownish gray suffusion, the costal region somewhat darker; 
stigma still darker brown; veins dark brown. Venation: Rs relatively 
short, less than two times the petiole of cell R3;; R; short and oblique, 
at margin remote from Rj42, the distance on costa between them about 
twice R; alone. 

Abdomen yellowish brown, darker laterally; hypopygium lighter 
brown. 


Holotype, &#@, San Isabel, altitude about 650 meters, July 
30, 1926 (A. M. Dampf); M. F. 1057. The additional data on 
the conditions under which the above collections were made, 
at beginning of the present paper, should be consulted. 

R. (R.) isabella is the most northern representative of the 
subgenus so far discovered. It is most closely allied to R. (R.) 
septentrionalis Alex. (Costa Rica), differing in the still smaller 
size, the different thoracic coloration, and the distinct venation 
of the radial field. 


Cryptolabis Osten Sacken. 


Cryptolabis (Cryptolabis) luteiceps sp. n. 

Head light ochre-yellow; thoracic dorsum dark brown; pleura dark, 
with a longitudinal yellow marking; tips of femora and tibiz infuscated; 
wings with Rs short and very strongly convex. 

Male. Length about 2.7 mm.; wing, 3-3.1 mm. 

Female. Length about 2.6-2.8 mm.; wing, 3.2-3.6 mm. 

Rostrum obscure yellow; palpi brown. Antennz with the scapal 
segments brown; flagellum pale brownish testaceous; flagellar segments 
short-oval to subcylindrical, decreasing in size outwardly. Head light 
ochre-yellow. 
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Pronotum obscure yellow; lateral pretergites narrowly clearer yellow. 
Mesonotal praescutum testaceous with three confluent dark brown 
stripes, the extreme lateral margin of the sclerite obscure yellow; 
scutellum large, brownish testaceous; postnotum darker. Pleura dark, 
with an obscure yellow longitudinal mark on the sterno-pleurite. 
Halteres obscure yellow, the knobs whitish. Legs with the coxz and 
trochanters testaceous yellow; femora yellow, the tips infuscated; 
basitarsi obscure yellow, the tips and remainder of the tarsi brown. 
Wings whitish subhyaline, the veins darker. Macrotrichiz of the cells 
sparse, present in all cells beyond the level of cell R:. Venation: sc 
relatively long, Sc; ending opposite or beyond two-thirds the length of 
the very strongly convex Rs; basal section of R: oblique to subtransverse, 
about equal to Re43; veins R; and R, with the tips deflected gently 
toward the cephalic margin of the wing; veins Mi42, M3; and M, similarly 
deflected toward the caudal margin; cell M3; deep, its petiole very short; 
cell M, relatively short and wide. 

Abdomen brown, darker in the females, this presumably caused by 
the presence of eggs within; terminal segments more yellowish. 


Holotype, &@, Tonala, attracted to light between 7 and 
8 P. M., on the shores of a small clear rivulet flowing over 
pebbles and stones, May 23, 1926 (A. M. Dampf); M. F. 930a. 

Allotopotype, 2°. 

Paratopotypes, 3 2 9. 

C. (C.) luteiceps is readily told by the coloration of the 
head. 


Molophilus Curtis. 


Molophilus obediens sp. n. 


Belongs to the plagiatus group; general coloration dark brown; 
mesonotal praescutum ochreous, with three brown stripes, the lateral 
stripes occupying the margin of the sclerite between the pseudosutural 
foveaz and the transverse suture; male hypopygium with the basal 
dististyle a powerful black spine with a smaller, curved lateral spine 
shortly beyond the base. 

Male. Length, 3.2-3.5 mm.; wing, 4.3-5 mm. 

Rostrum and palpi brownish black. Antenne short, black through- 
out. Head grayish brown. 

Pronotum dark, obscure yellow behind, the anterior lateral pre- 
tergite yellow. Mesonotal praescutum ochreous, with three conspicuous 
brown stripes, the broad median stripe darker in front, somewhat 
paler behind, the lateral stripes occupying the extreme lateral margins 
of the sclerite behind the pseudosutural foveze; the interspaces and 
concolorous humeral region are thus unusually wide; in some specimens, 
the dark stripes are broader, restricting the interspaces, which are then 
cut by the pseudosutural fovez; in still other specimens, only the 
humeral region of the sclerite remains of the ground-color; scutum 
pale, each lobe with two darker spots, the median region a little suffused; 
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scutellum and postnotum dark brown. Pleura dark brown. Halteres 
with the stem brown, the bases narrowly obscure yellow, the knobs 
obscure yellow. Legs with the coxe and trochanters brownish testace- 
ous, the fore coxz darker; femora and tibiz brownish yellow, with dark 
sete; tarsi brown. Wings with a grayish suffusion, the stigmal region, 
relatively conspicuous; macrotrichiz dark. Venation: Ry, subequal to 
twice as long as the basal section of Rs; Re43 about one-half longer than 
m-cu; petiole of cell M; between two and three times m-cu; vein 2nd A 
relatively long, only gently sinuous, ending about opposite one-fourth 
the length of the petiole of cell M3. 

Abdomen, including the hypopygium, dark brown. Male hypo- 
pygium with the basal dististyle broad and powerful at base, on outer 
margin shortly beyond the base with a curved thumb-like spine, the 
long axis beyond this point gently curved to the acute tip, the mesal 
margin weakly roughened. Basistyle with the apical beak relatively 
slender. 


Holotype, #, near San Cristobal, in shaded ravine of moun- 
tain brook, altitude nearly 2200 meters, July 17, 1926 (A. M. 
Dampf); M. B. 190 a. 


Paratopotypes, 5 &o&; paratypes, 7 &, San Cristobal, June 
4, 1926; M. F. 940; June 15, 1926; M. F. 973. 


Molophilus fuscopleuralis sp. n. 


Belongs to the plagiatus group; thoracic notum reddish brown, the 
postnotum and pleura dark brown; male hypopygium with the basal 
dististyle a powerful chitinized rod, bearing a spinulose branch on outer 
face before midlength, the main spine with a long dense brush of black 
sete along the mesal face. 

Male. Length about 4.2-4.3 mm.; wing, 5.5 mm. 

Rostrum and palpi brownish black. Antennz brown, the second 
scapal segment darker; flagellar segments elongate-oval, covered with 
a dense erect white pubescence. Head dark blackish gray. 

Mesonotal praescutum pale ochres to reddish brown, without 
distinct darker stripes, the posterior sclerites somewhat darker; postno- 
tum dark, sparsely pruinose. Pleura entirely dark brown, contrasting 
with the paler praescutum. Halteres obscure yellow, the stem beyond 
the base darker. Legs with the coxe and trochanters dark brown; 
remainder of the legs dark brown, with dark seta, the terminal tarsal 
segments passing into brownish black. Wings with a strong yellow 
tinge, the veins pale brown; macrotrichie dark brown. Venation: 
Cells beyond the cord deep; petiole of cell M; a little shorter than the 
basal section of M42 and nearly three times m-cu; vein 2nd A gently 
sinuous, ending about opposite one-fourth the length of the petiole of 
cell M3. 

Abdomen, including the hypopygium, dark brown. Male hypo- 
pygium with the spine near apex of basistyle slender. Basal disti- 
style a powerful chitinized rod, before midlength on outer face with a 
strong lateral spine that is weakly spinulose; the main axis of the style 
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is gently narrowed to the acute tip, the mesal face from about opposite 
the level of the lateral spine almost to the apex with a dense brush of 
long black setz. 


Holotype, #, near summit of the Zontehuitz, in dense, damp 


virgin forest, altitude 2750 meters, June 20, 1926 (A. M. Dampf); 
M. B. 176. 
Paratopotype, &. 


Molophilus pennatus sp. n. 

Belongs to the plagiatus group; general coloration of the mesonotum 
reddish brown, the pleura dark brown; antennz (co) relatively long; 
male hypopygium with the basal dististyle an elongate simple rod, the 
mesal face densely fringed with long setz and scattered black spines. 

Male. Length about 4 mm.; wing, 4.8-5.2 mm. 

Rostrum and palpi black. Antenne relatively long, in the male, if 
bent backward, extending about to the base of the abdomen, brownish 
black throughout; flagellar segments elongate-oval. Head dark. 

Pronotum dark, the scutellum testaceous; lateral pretergites yellow. 
Mesonotal praescutum pale, with three reddish brown stripes that are 
confluent or virtually so, the humeral region and lateral margins yellow- 
ish; pseudosutural fovez not conspicuous against this nearly concolorous 
background; scutal lobes reddish brown; scutellum testaceous, darker 
medially at base; postnotum reddish brown, the dorsal portion darker. 
Pleura dark brown, the sterno-pleurite ventrally paler in color. Halteres 
pale, the knobs yellow. Legs with the cox and trochanters yellowish 
testaceous; remainder of legs brown, with dark sete, the tarsi passing 
into brownish black. Wings with a strong grayish yellow tinge, the 
base and costal region clearer yellow; veins darker yellow, with brown 
macrotrichie. Venation: R..3; longer than the petiole of cell M3, the 
latter about twice m-cu; vein 2nd A elongate, gently sinuous, ending 
about opposite midlength of the petiole of cell M3. 

Abdomen dark brown, the hypopygium conspicuously yellowish. 
Male hypopygium large and conspicuous. Basal dististyle a very 
elongate simple rod, the basal fifth straight, beyond this point gradually 
narrowed and gently arcuate, the mesal face of the curved portion 
being densely provided with abundant sete and subappressed stout 
black spines; apex of the style a stout black spine. 

Holotype, #, San Cristobal, altitude 2100 meters, at light, 
June 8, 1926 (A. M. Dampf); M. F. 950. 

Paratopotypes, 7 #7; June 8, 1926; M. F. 952; 7%, June 15, 
1926; M. F. 973. 

M. pennatus is most closely allied to M. orton Alex. (Costa 
Rica), from which it differs in the general coloration, structure 
Of the antennae and the more elongate basal dististyle of the 
male hypopygium. 
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STUDIES ON THE POLYHEDRAL DISEASES OF INSECTS 
DUE TO FILTERABLE VIRUSES.* 


R. W. Gtaser, Sc. D. 


INTRODUCTION. 


The so-called polyhedral affections of insects are extremely 
interesting and economically important diseases, and much has 
been written upon the subject. They have been described in 
many different larve. However, cases described from forms 
other than those belonging to the Lepidoptera are questionable. 
These maladies are widespread among the moth larve of 
America, Europe, Asia, and probably elsewhere, and affect 
many of our worst pests, producing at times huge epidemics 
amongst them. Such epidemics, when they occur, contribute 
much more towards the control of certain of our noxious cater- 
pillars than the combined efforts of all their hymenopterous 
and dipterous parasites. J. W. Chapman and the writer (1), 
in 1915 and 1916, listed twenty-two species, belonging to ten 
separate families, that are definitely known to be naturally 
susceptible to one of the polyhedral maladies. A useful form, 
the silkworm, is also unfortunately subject to one of these 
affections. The silk industry in certain regions suffers annually 
due to its ravages and no satisfactory practical remedy for it’s 
control has yet been devised. 

Paillot (2), in 1926, gave an excellent review of all the 
literature to date, so the present article will concern itself 
primarily with those more recent works that have a direct 
bearing on certain questions still perplexing. The most import- 
ant matters emphasized by J. W. Chapman and the writer (3) 
in their work on the wilt of gipsy moth and tent caterpillars, 
army worms and other species may be summarized: 

1. The polyhedral diseases occur in many widely different species 
of lepidopterous larve. 

2. They are highly infectious and often produce huge epidemics. 

_ 3. They are characterized by a rapid postmortem lysis of all the 
tissues. 





*From the Department of Animal Pathology of The Rockefeller Institute for 
Medical Research, Princeton, N. J. 
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4. They are identified by curious nuclear changes occurring within 
certain cells, especially within the hypodermal, tracheal matrix, fat and 
blood cells. These changes are accompanied by the intranuclear 
development of the so-called polyhedral bodies, which are later liberated 
into the blood on the disintegration of the cells. 


5. Due to the fact that these well defined nuclear changes also 
occur in certain blood cells, the blood is a fairly reliable index of con- 
ditions in the other tissues, and can be used for diagnostic purposes as 
well as for a study of the progress of the disease. 

6. The infectious agent is a filterable virus. This virus easily 
passes through Berkefeld ‘‘N’’ candles. It is difficult to pass through 
Berkefeld ‘‘W’”’ candles and cannot be passed through Pasteur-Chamber- 
land “F”’ filters. 

7. Berkefeld filtrates are free from bacteria and polyhedral bodies. 

8. The polyhedral bodies vary in size and shape in different species; 
they vary greatly in size within one species and even within a single 
individual. 

9. Evidence, based on the filtration experiments, on staining 
reactions and on certain other chemical and physical tests, was advanced 
to show that the polyhedral bodies must be regarded as nucleoprotein 
reaction or byproducts of the disease. 

10. Infection naturally occurs through the mouth by means of the 
food, but the disease can also be experimentally reproduced through 
inoculation. 


11. The incubation period varies, but is generally of longer duration 
than is the case with bacterial infections in insects, and temperature 
bears an important relation to this variation. 

12. Certain individuals, although infected, do not acquire the 
disease—they are immune. 





So many chronic carriers of wilt exist among our gipsy moths, 
that Chapman and the writer finally resorted to breeding and 
selection from healthy cultures to produce a disease-free race for 
experimental purposes. This method proved more satisfactory 
than others, as a comparison between our experimentally 
infected and control animals showed. However, gipsy moth 
wilt is so prevalent in New England that by using all conceiv- 
able precautions, spontaneous cases appeared in our stock and 
in our controls. The appearance of spontaneous cases among 
controls and the ruination of apparently well executed experi- 
ments is an old question, well known to European and American 
workers in this subject. Our results of that time were therefore 
subject to certain reserves of interpretation, the foregoing 
summary representing rather a set of tentatively formulated 
opinions than final conclusions. 
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Acqua (4) confirmed our filtration experiments in principle, 
using the grasserie or ‘‘jaundice’’ virus of silkworms instead 
of the gipsy moth wilt virus. 

Aoki and Chigasaki (5) in some experiments with grasserie 
claimed that polyhedral bodies shaken in physiological salt 
solution, and centrifuged more than ten times were just as 
infectious for silkworms as the unwashed bodies. The entire 
work of these authors is devoted to proving that the polyhedra 
are parasitic. 

Komarek and Breindl (6) in some work on the ‘‘ Wipfel- 
krankheit’’ of nun moth larve came to the conclusion that the 
polyhedra are not the actual parasites, but that the etiological 
agent resides within them. These workers believe that the 
bodies are to be compared with galls and like them are produced 
as a specific reaction against the stimulation of the causative 
agent. The virus also exists free and as such is able to pass 
through Berkefeld filters. 

Paillot (2,7) found that grasserie silkworm blood, freed from 
cellular elements and polyhedra by centrifugation and filtration 
through three layers of filter paper was virulent. He also 
discovered that he could initiate grasserie by inoculating healthy 
worms with the blood of worms infected two days previously 
and in which no polyhedra could be detected at that time. 

It thus appears that our conception that the disease is due 
to a virus separable from the polyhedral bodies and filterable 
through Berkefeld N filters has been amply confirmed. There 
still appear to be many unsolved problems in connection with 
this interesting group of diseases and work with them has been 
continued with the following questions particularly in mind. 

1. Since the polyhedral diseases of insects are caused by filterable 


viruses, what is the essential nature of any particular virus; where is it 
localized in the body and can it be seen? 


2. What is the nature of the polyhedral bodies? 

3. Is a particular virus specific for a particular host or not? In 
other words, does more than one type of virus exist? 

4. Do infected females sometimes survive, and do any of these 
transmit the virus to the next generation through their eggs? 


To answer some of these questions tent caterpillars (Malaco- 
soma americana) and silkworms (Bombyx mori) were employed. 
Tent wilt occurs naturally in the region where these experi- 
ments were conducted, but it was not very prevalent during 
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the seasons of 1923, 1924, 1925, and 1926. For this reason, 
it was not difficult to find healthy material for experimental 
purposes. Silkworm grasserie was obtained from France in 
1924, through the kindness of Prof. A. Paillot. The writer had 
reared large numbers of silkworms for other studies during 1922 
and 1923 without encountering a single case of grasserie. The 
first cases ever seen by him were those produced with Prof. 
Paillot’s material. Therefore, it can be safely assumed that 
the stock, from which we drew our animals for the experiments, 
was entirely free from polyhedral infection. By the use of 
suitable precautionary measures, it has been possible to keep 
this stock free from spontaneous grasserie up to the present time. 


Filtration Experiments. 


Table I, page 323, represents infection experiments performed 
on tent caterpillars. The infectious material was derived from 
a single typical case of polyhedral disease found in the field. 
The tissues of the wilted larva were completely lysed and 
polyhedral bodies were abundant in the light brown liquid 
which oozed forth on rupturing the skin. This larva did not 
emit an offensive odor and stained films from some of the 
material did not reveal any bacteria. 0.5 cc. of this liquid 
from the dead larva was diluted with 5 cc. of sterile, distilled 
water and fed to four, 4th stage, healthy tent larve by smearing 
the material on apple leaves. The blood of these animals, 
prior to infection, was carefully examined for the presence of 
polyhedra in the nuclei of the blood cells, to eliminate the 
possibility of natural wilt. This precaution was taken with all 
the Malacosoma experiments in spite of the fact that only 
larve from disease-free nests were chosen. 

As represented in Table I, Experiment 1, the four infected 
larve died of typical wilt in from 8-9 days. The body fluid 
from one of the dead larve was expressed and diluted in 50 cc. 
of sterile water. This material was passed through paper and 
then through a sterile Berkefeld ‘‘N’’ candle. The Berkefeld 
filtrate was tested on a variety of media for sterility and then 
fed to ten tent larve. Ten controls were held, fed with the 
same filtrate heated at 60°C. for 30 minutes. Experiment 2 
records the results. Among those fed virulent filtrate, 8 died 
in the larval and 1 in the pupal stage in from 7-17 days. One 
lived and transformed into a moth. All of the controls lived 
and transformed into adults. 
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Experiments 3 and 4 constitute a continuation of the series, 
the infections produced with an individual dead of wilt in the 
preceding experiment. One control died of the disease in 
Experiment 3. This individual must have become infected 
accidentally during the course of the experiments. Deaths from 


TABLE I. 
TENT LARVAE EXPERIMENTS. 








No. of Larve Pupe Died of |Lived and} No. of 

Tent Treatment Died of | Died of | Other Trans- j|days from 
Larve Wilt Wilt Causes [formed to} Infection 
Moths | to Death 


Fed emulsified tent wilt cadaver 8-9 


Fed Berkefeld filtrate. 

Fed Berkefeld filtrate heated 
60°C. 30 minutes. 

Fed emulsified tent wilt cadaver 

Fed emulsified tent wilt cadaver 
heated 60°C. 30 minutes. 





Fed Berkefeld filtrate. 

Fed Berkefeld filtrate heated 
60°C. 30 minutes. 

Inoc. Berkefeld filtrate. 

Inoc. Berkefeld filtrate heated 
60°C. 30 minutes. 

Fed Berkefeld filtrate cen- 
trifuged 4 hr. 2,000 R. P. M., 
top layer. 

Fed Berkefeld filtrate cen- 
trifuged 4 hr. 2,000 R. P. M., 
bottom layer. 

Fed emulsified silkworm 
grasserie cadavers. 











Fed emulsified silkworm 
grasserie cadavers. 





Inoc. grasserie Berkefeld 
filtrate. 

Inoc. grasserie Berkefeld 
filtrate. 








Fed emulsified gypsy wilt 
cadavers. 





Inoc. gypsy wilt Berkefeld 
filtrate. 























‘‘other causes’’ are also recorded in Experiments 3 and 4. 
These were all bacterial in nature. Experiment 5 represents 
infections produced by inoculating 0.1 cc. of the filtrate, pre- 
pared with physiological saline, under the skin. 

Experiment 6 was performed to see if the virus could be 
concentrated by centrifuging. A Berkefeld filtrate was cen- 
trifuged for 4 hours at 2,000 R.P.M., after which ten larve 
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were fed with the top layer and ten with the bottom layer. 
No significant difference in virulence was observed. In all the 
experiments the minimum period from infection to death was 4 
and the maximum 18 days. The average length of this period, 
about 10 days, is considerably more prolonged than is the 
case with the bacterial infections of insects. This fact was also 
recorded by Paillot (2) in 1926. 

Experiments 1 to 5 inclusive, Table II, represent a series of 
infections in silkworms produced with Prof. Paillot’s grasserie 
material. Experiment 1 was performed for the purpose of 
producing a quantity of material. A tube of grasserie blood, 
still containing cellular blood elements and polyhedra, was 
received in shipment from France. This blood was sterile for 
bacteria and was diluted five times with physiological saline 
solution and 0.1 cc. inoculated into each of 20 worms. After 
about 3 days a few of the worms began to show the character- 
istic jaundiced appearance (yellow discoloration of the white 
skin), and the first death occurred in 5 days. 

Subsequently 11 more worms and 3 pup died typically of 
grasserie while 3 transformed into moths. Two died from the 
immediate effects of the inoculation. From one of these worms 
a Berkefeld ‘‘N”’ filtrate was produced as outlined in the 
experiments with tent wilt, and Experiment 2 performed. 
The series was continued to Experiment 5 inclusive. In the 
experiments dealing with infection by feeding, the virus was 
prepared with sterile, distilled water and smeared on mulberry 
leaves; in the inoculation experiments sterile physiological saline 
solution was substituted, and 0.1 cc. inoculated subcutaneously. 

By consulting Table II it will be seen that no controls 
died of grasserie; most of the grasserie deaths occurred in the 
larval, a few in the pupal stage. The “‘other cause’’ deaths 
were due to the direct effects of the inoculation. During the 
inoculation of such creatures as insect larve, it was often 
impossible to avoid puncturing the gut, although a small needle 
was used and great precaution exercised. Most of the bacterial 
deaths can be traced to this source. It is shown in the table 
that although the worms were either inoculated or fed virulent 
virus, a certain proportion resisted infection and transformed to 
adults. This transformation into adults, of a certain number 
of infected larve, was also noticed in the experiments with the 
tent caterpillar virus. In the grasserie experiments the mini- 
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mum period from infection to death was 5 and the maximum 
24 days. The average length of this period approximately 
corresponds to that given for the tent wilt experiments. 
Portions of all Berkefeld filtrates, employed in the tent 
caterpillar and silkworm infection experiments, were plated 
out on various laboratory media and used only when these 


TABLE Il. 
SILKWORM EXPERIMENTS. 








Worms Pupze Died of |Livedand] No. of 

Treatment Died of | Died of | Other Trans- jdays from 
Grasserie |Grasserie | Causes formed | Infection 
to Moths | to Death 





Inoculated with grasserie blood. 12 q é 5-16 





Inoculated with Berkefeld 
filtrate. 14 6-20 

Inoculated with Berkefeld 
filtrate heated 60°C. 30 min. 





Inoculated with Berkefeld 
filtrate. 

Inoculated with Berkefeld 
filtrate heated 60°C. 30 min. 


Fed Berkefeld filtrate. 
Fed Berkefeld filtrate heated 
60°C, 30 min. 








Fed Berkefeld filtrate. 
Fed Berkefeld filtrate heated 
60°C. 30 min. 





Fed emulsified tent wilt 
cadavers. 





Fed emulsified tent wilt 
cadavers. 





Inoculated with tent wilt 
Berkefeld filtrate. 





Inoculated with tent wilt 
Berkefeld filtrate. 





Fed emulsified gypsy wilt 
cadavers. 3 
Inoculated with gypsy wilt 1 
Berkefeld filtrate. (and 1 

escaped) 























remained entirely sterile. Furthermore, portions of the fil- 
trates were always centrifuged and the upper layer, as well as 
the bottom sediment, examined microscopically in the stained 
and unstained condition. No bacteria or polyhedral bodies 
were revealed, nor was anything else seen that one could 
interpret with certainty as having any etiological significance. 
Under the dark field illumination, with high magnifications, 
many minute, dancing granules were observed in the Berkefeld 
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filtrates. ° Similar minute dancing granules, under similar cir- 
cumstances, were also seen by the writer (3) in 1915 in his work 
on gipsy moth wilt. Apparently the same granules can often 
be seen free in the lymph of diseased caterpillars or worms and 
within the cytoplasm of pathological cells; especially within 
the nucleus during the earlier phases of the disease. These 
identical granules do not appear in the lymph nor within the 
cells of normal animals. Naturally it is difficult to decide 
what they are, but the writer is not impressed with their 
etiological significance and is inclined to believe that they 
constitute products of cellular disintegration. 

The greatest number of filtration experiments were per- 
formed with the grade ‘‘N”’ Berkefeld filtrates. However, 
experiments were also undertaken with the grades ‘‘V’”’ and 
‘“‘W”’ candles and with the Pasteur-Chamberland ‘‘F’’ filter. 
No lethal difference was noticed between the ‘‘V’”’ and ‘‘N”’ 
filtrates. However, out of 20 silkworms and 20 tent larve 
inoculated with their respective viruses passed through ‘‘W”’ 
filters, only 4 tent larve and 1 silkworm died of disease. 
Twenty tent larve and 20 silkworms inoculated with filtrates 


of their respective viruses passed through Pasteur-Chamber- 
land ‘‘F”’ filters lived and transformed. All the filtrations 
were performed at a pressure of 74 mm. 


From the experiments performed on tent caterpillars and 
silkworms, one is justified in concluding that the viruses of 
tent wilt and grasserie are easily fiterable through Berkefeld 
““V" and ‘‘N”’ candles. They can be filtered through ‘‘W”’ 
candles only with difficulty, and cannot be passed through 
Pasteur-Chamberland filters. These results may depend upon 
the size or formation of the filter pores; upon the flexibility or 
rigidity of the virus particles; upon the electrical charge, or 
upon some other factor. The virulent filtrates are free from 
polyhedral bodies, bacteria, or any other formed body which 
can at present be made microscopically visible.* 


*The classification of filters is the one given in the Arthur H. Thomas Com- 
pany, Philadelphia, 1926 catalog. Berkefeld filters: ‘‘W,"’ fine; ‘‘N,’’ medium; 
“*V,’’ coarse. Pasteur-Chamberland filters: ‘‘F,’’ coarse texture and suitable for 
ordinary filtrations; ‘‘B,’’ fine and suitable only for pressure. 
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Experiments with Washed and Fragmented Polyhedra. 


J. W. Chapman and the writer (1, 3), in work on the wilt 
of gipsy moth larve, emphasized the fact that the polyhedral 
bodies are of great diagnostic value, but are not etiologically 
related to the disease. This opinion was based on positive 
results of certain filtration experiments which excluded the 
polyhedral, on the microscopical appearance of these bodies, 
their staining reactions, and on their physical and chemical 
nature. However, the work of Aoki and Chigasaki (5) and of 
Komarek and Breindl (6) again enveloped the above opinion 
in doubt. As previously mentioned, the two Japanese workers 
did much to attempt to prove that the polyhedra are parasitic. 
Komarek and Breindl claimed that the virus resides within 
these bodies. For this reason two further experiments were 
undertaken. 

At separate times, two lots of polyhedral material were 
prepared; one was derived from a large number of tent wilt 
cadavers; the other from silkworm grasserie cadavers. All of 
the larve used had been dead only 3 days and on death were 


immediately placed on ice, to inhibit bacterial development. ° 


It is well known that the intestinal flora of herbivorous larve 
is extremely low unless a bacterial disease prevails. In each 
case, after enough material had accumulated, the dead larve 
were crushed in a mortar with physiological salt solution. 
This was then passed through cheesecloth, diluted a little more, 
and forced through a hard, fine pored paper (Whatman No. 50) 
by means of suction. The filtrate which abounded in cellular 
debris and polyhedra was then washed with physiological 
saline solution and centrifuged repeatedly, 20 times in the case 
of the tent and 22 times in the case of the silkworm material. 
This process extended over approximately 5 days, and during 
the interval between each cleansing process, the sediment was 
held on ice. After this, when it was thought that most of the 
virus had been removed, the final bottom sediment obtained 
had the gross appearance of white chalk, and on microscopic 
examination consisted almost entirely of polyhedral bodies, 
including a few urate and other crystals. The bottom sediment, 
which in each case amounted to about a gram of polyhedra, 
was shaken up with 5 cc. of physiological salt solution. 0.1 cc. 
of this milky white liquid was injected into each of 20 larve. 
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Twenty tent larve were injected with the wilt polyhedra suspen- 
sion, and 20 silkworms with the grasserie polyhedra suspension. 
Out of the entire 40 larve so infected, 7 died of a bacterial 
septicemia and 33 transformed into moths. The blood of all 
inoculated worms was examined twice during the course of the 
experiment, at an interval of one week, but polyhedra were 
never seen in the plasma nor within the nuclei of the cells. 

The above experiment was repeated the following year with 
the exception that pains were taken to fragment most of the 
polyhedra by grinding in a mortar. This process was followed 
microscopically. Further fragmentation can be obtained by 
pressing them between two glass panes. Twenty tent larve 
and 20 silkworms were again injected with their respective 
polyhedra. Thirteen died of bacterial septicemia and 27 trans- 
formed into moths. Blood examinations undertaken, as pre- 
viously, were entirely negative. 

It seems to us that the experiments described, when taken 
in conjuction with the filtration experiments, are an aid in 
eliminating the possibility that the polyhedra are parasitic or 
that they enclose a parasite. 


THE HIsSTO— AND CYTOPATHOLOGY OF THE 
POLYHEDRAL DISEASES. 


The Polyhedral Bodies, Their Origin and Development.—The 
pathological changes occurring within the tissues of insect larvee 
suffering from polyhedral disease have been frequently described. 
The most detailed descriptions, with the technical procedures 
involved, are those of Escherich and Miyajima (8) in their 
work on Wipfelkrankheit of nun moth caterpillars, of Glaser (3) 
in work with gipsy moth larve, of Prowazek (9) and Paillot (2) 
in studies on grasserie of silkworms. However, to understand 
the subject properly, it is necessary to again outline the prin- 
cipal features, incorporating those more recent detailed additions 
to our knowledge of the histopathology of the polyhedral 
affections. ‘The histopathology of these diseases, as in so many 
diseases of humans and other animals, is intimately associated 
with diagnosis. For this reason alone, an accurate picture of 
the visible changes occurring within the tissues is necessary. 
The histopathology varies very little in different species, how- 
ever, and we will confine ourselves to a discussion of the course 
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of events in the two forms under consideration—the silkworm 
and the tent caterpillar. The histological technique employed 
was similar to that given in the work on gipsy moth wilt. 
Diseased silkworms usually become jaundiced a few days 
before death and cease to eat. Tent larvze show few recogniz- 
able external symptoms excepting loss of appetite. On death 
and shortly after both forms assume a shiny brownish color, 
are entirely flaccid and without any offensive odor. The 
cadavers are extremely difficult to remove without rupturing 
the skin and liberating the liquid contents. This is due to the 
fact that a few hours after death all of the tissues are in a state 
of disorganization. Ifa film from the milky fluid of a silkworm 
or the brown liquid of a tent larva is examined microscopically, 
it will be found to contain the elements of disorganized tissues 
and myriads of polyhedral bodies of various sizes. In the 
silkworm the average polyhedra measure from 3—5y in diameter, 
although individuals have been found as small as uy and as 
large as l5u. The tent wilt polyhedra are smaller, the average 
measuring about 2u. They occur singly or in pairs,.are very 
refractive and superficially resemble crystals. By manipu- 
lating the slide and cover slip, the bodies can be turned over, 
so that excellent views of all their faces can be obtained. Their 
shape varies as does their size and in silkworms 5, 6, 7, 8, and 
more faces are common. The corners are sharp and angular. 
In the smaller tent bodies the form is that of a polyhedron, 
with more or less rounded angles. They never assume the 
shape of a perfect sphere. As mentioned, the bodies are highly 
refractive, and on focusing seem to show a denser center 
differentiated from a somewhat lighter peripheral mass. Often, 
within the bodies, concentric layers like those of an onion are 
observable, demonstrating that development by accretion 
occurs. When pressure is applied, the polyhedra crack very 
readily into a number of pieces and often without the applica- 
tion of pressure the same fragmentation may be observed to 
occur somewhat more slowly. In the latter case a notch appears 
at one side of the polyhedron, which gradually lengthens into a 
line progressing slowly toward the other side, much like the 
cracking of ice. Usually, before the line has completely 
separated the two halves, other cracks appear, and soon the 
entire polyhedron is divided into a number of pieces, which 
may separate or stick together in a rosette-like fashion. The 
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bodies have been carefully observed during the process of 
fragmentation, but nothing has ever been seen to escape from 
them. Fat globules and urate crystals have been confused with 
polyhedra by the inexperienced. However, the fat drops are 
perfectly spherical, stain with Sudan III and are soluble in 
ether. Polyhedra do not stain with Sudan III and are insoluble 
in ether. The urate and other crystals are of a totally different 
form, frquently show radiating lines, and react in their own 
characteristic manner. 

A stained film of a worm, dead of grasserie or wilt, reveals 
polyhedral bodies, fat drops, urates and other crystals, cellular 
debris, hairs, setz, food particles, and pigment granules. The 
pigment granules, so plentiful in a pigmented form like the tent 
caterpillar, must not be confused with bacteria, to which they 
bear a superficial resenblance. As a matter of fact, a film from 
a larva recently dead is almost devoid of bacteria, and in many 
cases none can be found. If present, the larva has been dead 
for some time and bacteria have entered through various 
channels. 

The polyhedra are very resistant towards stains in general, 
and usually color along the periphery only, unless the stain is 
applied for a long time fOllowing a mordant, or some rather 
drastic method is applied such as steaming with carbol fuchsin. 
When they react, they stain uniformly, or they may show struct- 
ures that simulate small refractive granules and striations. The 
dark field reveals these granulations very well within the poly- 
hedra. However, as previously mentioned, nothing escapes when 
the bodies are fragmented that could be correlated with the 
etiology of the disease. 

The polyhedra are heavier than water, and consequently can 
be obtained in bulk by centrifuging aqueous emulsions of 
diseased material. By repeated washing and centrifuging, the 
fat and cellular debris, etc., can be eliminated and the bodies 
obtained in a fairly clean condition. They do not dissolve in 
hot or cold water, alcohol, ether, or chloroform, but are soluble 
in strong solutions of acids and weak solutions of alkalies when 
boiled in them. They do not blacken with osmic acid and do 
not color with Sudan III, and therefore contain no fat. Picric 
acid stains them yellow, showing that they contain protein 
material. In 1916, J. W. Chapman and the writer (1) found 
that the gipsy moth polyhedra meet all of the requirements of 
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the nucleoproteins and regarded them as nucleoprotein crystal- 
like degeneration products of the disease. No further chemical 
work on these bodies was undertaken. Moreover, it does not 
seem likely that a more accurate chemical analysis of the bodies 
would throw any light on the problem. 

Owing to the fact that dead larve disintegrate completely, 
living diseased material must be relied upon for sectioning. 
By infecting a large number of individuals and fixing one every 
few days, all stages of the disease can be obtained. 

The most striking changes occur within the nuclei of the 
affected cells. If the untreated nuclei, of fat or blood cells, in 
early cases of the disease are carefully examined, many minute 
violently dancing granules may be seen within. In 1915 (1), 
similar dancing granules were observed and described, and at 
that time regarded as either particles of degenerating chromatic 
and achromatic material or minute microorganisms. One finds 
such tiny granules in fresh films of all grasserie material whether 
dead or alive. They can readily be distinguished from pigment 
and other normal granules chiefly by their smaller size and 
greater vibration amplitude. Sections of diseased nuclei, pre- 
pared according to the method of Giemsa, demonstrate these 
little granules which stain red, are either single or double, and 
resemble tiny micrococci. Naturally, it is difficult to definitely 
decide the nature of these tiny particles, but the writer is now 
inclined to believe that they are degeneration products. The 
following experiment may be suggestive. 

Tissue cultures of normal silkworm fat and blood cells were 
prepared on depression slides, under sterile conditions, using 
silkworm serum or Ringer’s solution as a medium. These 
slides were held for two or three weeks, after which time various 
degrees of cellular degeneration of all the fat and some blood 
cells were obtained. Those blood cells placed near the periphery 
of the cover slip showed growth; they often multiplied and 
formed syncytia. This is a reaction produced under the 
influence of oxygen which filters through the thin layer of 
vaseline, as shown in 1918 (10). Within these normally 
multiplying blood cells, vibrating granules were not seen. 
However, all of the degenerating fat and blood cells showed 
minute, vibrating particles within the cytoplasm and nuclei 
indistinguishable from those seen in grasserie material. When 
fixed and stained, many of them seem morphologically identical 
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to the granules found in disease. The writer does not offer 
this as absolute proof that the granules under the two different 
conditions are identical, but merely wishes to imply that when 
normal cells are permitted to degenerate they also demonstrate 
minute, violently vibrating granules. 

In the normal silkworm and tent larval cell, the nucleus 
contains small round grains of chromatin distributed through- 
out the mass. The nucleoli are quite large and numerous; 
according to Paillot they always exceed ten in number within 
fat cells. Within the cytoplasm, according to this writer, the 
chondriome (mitochondria collectively) is repreésented by fila- 
ments distributed between the fat vacuoles. 

Sections show that the polyhedra originate within the nuclei 
of the hypodermal, fat, tracheal matrix and certain blood cells. 
They are not found within the nuclei of the other tissue cells. 
The first indication of a diseased cell seems to be represented 
by a fusion of the chromatin grains and nucleoli. These form 
a large, dense, highly chromatophilic mass. This mass becomes 
speckled with minute, refractive bodies which Paillot believes 
originate from the chromatin grains. Within the clear area, 
left vacant by the condensation of the nuclear material, Giemsa’s 
method demonstrates many little granules which bear a close 
resemblance to the dancing particles observed in the fresh 
preparations previously mentioned. Later, out of the clear 
nuclear zone, the polyhedra arise as very small individuals. 
At this stage the borders of the bodies are often faintly out- 
lined by any stain used. As the inclusions increase in size, 
they become more and more refractive, do not stain at all 
finally, and the nucleous swells to an enormous size, sometimes 
measuring three times, or more, the diameter of the normal 
nucleus. This hypertrophy is due to the progressive increase 
in size of the inclusion bodies which simply fill the entire nucleus. 
All the polyhedra are in the same stage of development within 
an individual nucleus, but enormous differences in development 
occur between those of different nuclei. The small formative 
polyhedra are somewhat rounder than the larger individuals, 
which can partially be accounted for by the fact that, as. the 
polyhedra grow, they become closely packed and press upon 
one another thus producing faces and angles. As the bodies 
grow and become more refractive, the little dispersed granules 
as well as the remains of the chromatin lump disappear and 
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finally nothing remains but the nuclear membrane enclosing the 
polyhedra. Sometimes a portion of the chromatic mass persists 
till the nucleus disintegrates, but most frequently it vanishes 
before this event. Naturally such profound nuclear changes 
cause cytoplasmic disturbances. The earliest visible cytoplasmic 
changes, as pointed out by Paillot, occur within the mito- 
chondria. The filaments disintegrate and are replaced by 
dispersed granules. Later, after the nucleus has become 
entirely incapacitated, the entire cell disintegrates and the 
inclusion bodies escape into the body cavity. It is remarkable 
how much injury the affected nuclei withstand before dis- 
integration occurs. The disintegration of the cells beset with 
polyhedra is probably independent of, although coexistent with, 
the lysis of all the tissues mentioned previously. Shortly after 
death all the tissues in the body disorganize, but it is difficult 
until the very last to detect any changes within the cells of the 
muscles, intestinal epithelium, Malpighian tubes, salivary and 
other glands, ganglia, nerves, gonads, etc. 

The writer does not care to make any final pronouncement. 
However, with the evidence obtained from silkworms and tent 
caterpillars the safest view, in regard to the nature of the 
inclusion bodies, seems to be the one adopted previously 
(1913-16) in work on gipsy moth larve, namely, that the 
polyhedra are reaction bodies, arising in certain tissues as 
by-products of special nuclear changes produced by the virus.* 


Normal and Pathological Blood Cells.—Since the blood has 
been used so much by various workers in determining whether 
an insect is suffering from polyhedral disease, and if so, how far 
the condition has progressed, a study of silkworm and tent 
caterpillar normal and pathological blood cell elements was 
undertaken. The cells were first studied in the fresh state, 
to observe whether pseudopodial formation with independent 
progression occurred, and to obtain a clear picture of the living 
cells. The same specimens were later fixed and stained by a 
variety of methods including those of Giemsa, Romanowsky, 
and Wright. The classification used by Paillot (11), and by 
Metalnikov and Gaschen (12) for insect blood cells was followed 
in so far as possible. Figs. 1 to 7, Plate I, represent sketches 


*Good photomicrographs of nuclear lesions given in earlier work. See 
bibliography, especially under (3). Wilt of gipsy-moth caterpillars. J. Agric. 
Research, 1915, iv, 101. 
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made from the dominant type of cell found (approximately 
40-50 per 100 cells). Figs. 2 and 3 represent fixed and stained 
specimens, the others living cells. Fig. 7 shows one in the act 
of dividing. These cells are large elements each with a large 
nucleus and a considerable amount of clear cytoplasm. They 
show active ameboid movement and pseudopodial processes. 
These are the real leucocytes or phagocytes (macronucleocytes 
of Paillot) which engulf bacteria and foreign bodies. 

The next most common type numerically (approximately 
25-30 per 100) is represented by Figs. 8 to 11. These cells are 
generally somewhat smaller than the foregoing, are rounded or 
oblong, and never show any ameboid movement. The nucleus 
is quite small in comparison to that of the phagocytes and the 
cytoplasm has the appearance of being denser. As shown in 
Figs. 10 and 11 they often contain large granules resembling 
the eosinophilic granules in higher animals. These cells are 
the proleucocytes (micronucleocytes of Paillot). 

In silkworms the lymphocytes rank next numerically 
(approximately 10-15 per 100). These are represented in Figs. 
12 and 13, and are rounded elements with each a large nucleus, 
and a small amount of granular cytoplasm. They never show 
independent movement. Fig. 14 represents the spherule or 
mulberry corpuscle, so called on account of its superficial 
resemblance to a mulberry. This type of cell is not very com- 
mon in silkworms, ranking fourth numerically (approximately 
10-15 per 100). In tent larve they are exceedingly common, 
ranking second in abundance (approximately 25-30 per 100). 
They can be readily distinguished from the other blood cells by 
adding a little neutral red to the preparation. This will produce 
a picture showing curious, irregularly rounded cells with a 
peripheral zone of spaces filled with red staining spherules. 
The same cells are often encountered with the spaces empty, 
Fig. 15. The nucleus is large and centrally located. On 
crushing the spherule cells with their vacuoles filled, one obtains 
a picture, Fig. 18, which shows the scattered spheres, and the 
nucleus distorted and elongated by crushing. The spherule 
cells have no independent movement. They have often been 
mistaken for pathological cells and the cytoplasmic spherules 
for polyhedra. | 

Fig. 16 represents a type of cell not common, but which 
probably ranks fifth numerically in silkworms and tent cater- 
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pillars. This is the cenocyte-like or pseudo-cenocyte corpuscle, 
falsely called cenocyte. It is a non-motile, large, rounded or 
oblong cell with a dense, homogeneous cytoplasm and a small 
nucleus. It has a light yellow tint in the fresh state, -and 
superficially resembles the stationary, large, glandular cell 
found around the spiracles and properly called cenocyte. Lastly, 
at times, giant cells are encountered. These are found in the 
blood of perfectly normal animals and are simply huge cells 
containing five, six, or more nuclei. Figs. 17 and 19 represent 
degenerating forms of unknown cells found in normal blood. 
Naturally, these various types of cells vary somewhat in 
aspect; during metamorphosis when the phagocytes especially 
are loaded with metabolic products. 

In diseased larve polyhedra develop within the nuclei of 
the phagocytes, proleucocytes, and lymphocytes; in those cells 
which are considered, by some workers, to represent stages or 


transitions of the same element. The inclusions are never . 


found within the nuclei of mulberry corpuscles or cenocyte-like 
cells. We have never found them in giant cells. When a few 
small refractive bodies are found within the nucleus of a phago- 
cyte, as shown in Fig. 20, it is rather difficult to decide whether 
infection has occurred or not. The writer has seen such pictures, 
but the larve subsequently failed to develop symptoms. When 
such nuclei are encountered as represented in Fig. 21 or 22, 
however, there can be no doubt that the insect will sooner or 
later succumb. As is the case within the other tissues, the 
polyhedra develop within the nuclei of the blood cells; when 
found in the cytoplasm, they have been phagocytized while free 
in the plasma. The origin of the inclusions in the blood cells 
is also preceded by a concentration of the nuclear substance and 
the formation of a central denser mass. Around this, one finds 
a zone in which refractive granules appear which gradually 
develop into polyhedra, and later completely fill the nucleus in 
the manner outlined for the other tissues. 

During the last stages of the disease, when the tissues and 
blood cells begin to disorganize, myriads of polyhedra are found 
floating around free in the blood plasma. These free polyhedra, 
together with the liberated fat drops from the disintegrating 
fat body, give the blood of heavily diseased silkworms the 
appearance of milk. From the outline just given, it is evident 
that the blood is a fairly reliable index of the condition of a 
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particular larva, and if two blood examinations are made on 
each animal, with an interval of a few days, one can be fairly 
certain whether polyhedral disease exists or not. 


The Specificity of a Particular Virus for a 
Particular Host. 


In 1915, the writer (1) pointed out that, although the gipsy 
moth reached this country in 1869 and became a serious pest 
in 1889, wilt among the larve was unknown prior to 1900. 
It can be safely stated that during a period of eleven years, 
before active suppression work was begun by the state of 
Massachusetts, not a single case of wilt was seen or recorded, 
although entomologists and field men were continually on the 
lookout for parasites and diseases. At that time, it was known 
that wilt produced epidemics among gipsy moths in the Old 
World and Wipfelkrankheit, a similar disease among nun moth 
larve in Europe, had been recognized before 1892 when Tubenf 
(13), Tangl (14), Wachtl and Kornauth (15) made valuable 
contributions to the subject. 

When wilt appeared in this country in epidemic form after 
1900, entomologists and others began to wonder how the gipsy 
moth, heretofore such an extraordinary healthy insect, acquired 
such a serious disease which proved of tremendous aid in the 
natural control of the pest. At that time it was recognized 
that a wilt occurred among some of our native American forms, 
especially among the apple tree tent caterpillars. The theory 
was advanced that tent wilt and gipsy wilt were identical, that 
the race of gipsy moths accidentally imported into America 
were immune, and that this immunity was gradually lost. 
Another theory assumed that the European Wipfelkrankheit 
and wilt were identical and that the former disease was imported 
into America after 1900 through the importation of trees and 
shrubs. A third theory assumed that all the polyhedral 
diseases were different, and that gipsy wilt was imported from 
European gipsy moths with plant shipments or with some of 
the insect parasites sent over here from Europe by the Federal 
Government after 1905. 

No proof for any of these views has existed up to now, 
and to see whether some of these diseases, so similar superficially, 
were due to the same etiological agent or not, some experiments 
were undertaken. Three viruses were used, namely, the gipsy 
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moth wilt virus, the tent wilt virus, and the silkworm grasserie 
virus. 

Experiments 7 and 8, Table I, represent twenty tent larve 
fed with emulsified silkworm grasserie cadavers. In Experi- 
ments 9 and 10, the grasserie virus, which had been passed 
through a Berkefeld ‘‘N’’ candle, was inoculated into twenty 
tent larve. In Experiment 11, ten tent larve were fed with 
emulsified gipsy wilt cadavers, and in Experiment 12, ten tent 
larve were inoculated with a Berkefeld filtrate of the same virus. 
Although these viruses were known to be virulent for the 
hosts from which they were derived, not a case of wilt developed 
among the sixty tent larve. 

Experiments 6 to 11, Table II, include infection experiments 
on silkworms (by feeding and inoculation) with the tent and 
gipsy moth wilt viruses. No polyhedral disease developed 
among any of the sixty silkworms so treated. 

These experiments show, therefore, that the grasserie, tent 
wilt, and gipsy wilt viruses are distinct and specifically limited 
to their hosts. 


Immunity and Transmission of the Virus Through 
the Egg. 


Experimenters have often noticed that a certain number of 
infected larve do not develop polyhedral infection and trans- 
form into moths. In 1915, the writer observed this immunity 
in his experiments, and also called attention to the same fact 
in his field studies on gipsy moth wilt. During a severe epidemic 
of wilt, in a heavily infested wood lot, thousands of gipsy 
larve die daily of the disease; and the body fluids everywhere 
soil the leaves which are eaten by others. Congregation in 
immense masses on the trees also occurs prior to pupation, 
and in such places the mortality is tremendous. An enormous 
reduction in the number of adult moths, and consequently in 
the number of egg clusters deposited will occur, but a complete 
extermination is never possible owing to the immunity of 
certain individuals in each generation 

Survival of a certain number of infected individuals again 
occurred during the progress of the present work. Ten tent 
larve and fifteen silkworms resisted disease after unquestionable 
infection. Rebouillon (16), in 1925, and Paillot (2), in 1926, 














338 Annals Entomological Society of America |Vol. XX, 


reported the detection of grasserie in adult moths and Paillot 
can even detect infection within the eggs. If true this would 
constitute an extremely valuable discovery for the silk industry, 
because infected moths and eggs could be readily separated 
from the non-infected ones much after the very practical 
scheme devised by Pasteur for pebrine. However, we formerly 
repeatedly examined moths and eggs obtained from experi- 
mentally infected larve without finding any evidences of wilt. 
During field epidemics many female moths were dissected and 
examined for the presence of polyhedral bodies, but such exami- 
nations were invariably negative. Recently tent and silkworm 
moths and eggs were also subjected to examinations, but the 
writer could not obtain any positive evidence in this manner. 

In 1925, eggs were obtained from some of the ten tent 
moths that survived the larval infection experiments previously 
outlined. Before death, or shortly after, all of the moths were 
microscopically examined for polyhedra or other evidences of 
wilt. These examinations were negative. In the spring of 
1926, the tent egg clusters were removed from ice, and ‘‘broken 
up’’ to separate the eggs which are held together by some 
mucilagenous substance. Twenty-five eggs were then sub- 
merged for ten minutes in a mixture of equal parts of 1—1000 
corrosive sublimate and 95 per cent alcohol. This was done to 
kill any virus that may adhere to the outside of the chorion. 
Experience has shown that the wilt virus is rapidly destroyed 
by this treatment. ‘The eggs were then washed in sterile water 
and placed on sterile filter paper in sterile glass phials, one egg 
to a phial. The phials were corked with cotton. On hatching 
each larva received cherry leaves selected from a region entirely 
free from tent larve. The leaves were further thoroughly 
washed before being tendered. After growing, each larva was 
transferred to a larger sterile bottle. Every possible precaution 
was taken to keep wilt infection from these larve, such as keep- 
ing them in a unit in which wilt had never occurred, and keeping 
away attendants who had been in contact with wilt. In spite 
of these precautions three of the twenty-five larve independ- 
ently contracted wilt and died in the 4th and 5th stages. The 
others completed their development. Naturally, if these had 
been confined together the mortality would have been much 
higher. From this experiment it seems likely that the disease 
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is transmitted from generation to generation through the egg 
in a small proportion of individuals. We are repeating and 
continuing this work and hope to extend it to silkworms, for 
which form we have as yet no concrete evidence. 


The Resistance of the Polyhedral Viruses to Physical 
and Chemical Agents. 


In 1918 (17), the effects of various physical and chemical 
agents on the gipsy moth wilt virus were reported. The effects 
of dry and moist heat, of low temperature, sunlight, desiccation, 
putrefaction, glycerin, alcohol, and carbolic acid, etc., were 
recorded. We have only had the opportunity to verify certain 
aspects of this work on the grasserie and tent wilt viruses. 


SUMMARY. 


1. This study concerns itself primarily with two polyhedral 
diseases, namely, grasserie of silkworms and wilt of tent cater- 
pillars. 

2. The viruses of tent caterpillar wilt and silkworm grasserie 
are easily filterable through Berkefeld ‘‘V’’ and ‘‘N”’ candles. 
They can be passed through the ‘‘W”’ candles only with diffi- 
culty, and cannot be passed through the Pasteur-Chamberland 
‘‘F”’ filters. These results may depend upon the size or forma- 
tion of the filter pores; upon the flexibility or rigidity of the 
virus particles; upon the electrical charge, or upon some other 
factor. 

3. Virulent filtrates are free from bacteria and polyhedral 
bodies and other visible agents that could be identified as 
etiologically important. 

4. Under the dark field illumination with high magnifica- 
tion many minute, dancing granules can be observed in the 
filtrates. Similar granules are often seen free in the lymph of 
diseased larve, and within the cytoplasm and nucleus of patho- 
logical cells. These granules are interpreted as products of 
cellular disintegration. 

5. Infection by the viruses occurs naturally through the 
mouth by feeding, but can also be experimentally reproduced 
by inoculation. 
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6. The period from infection to death varies from 4 to 24 
days, with an average of 10 days. This variation probably 
depends upon the natural resistance of the host, upon the con- 
centration of the virus, and upon temperature. 

7. Detectable differences in size and shape exist between 
the polyhedral bodies of tent caterpillars and those of silkworms. 
Differences in size and shape exist within an individual host. 

8. The polyhedral bodies can be freed from virus by re- 
peated washing and centrifuging. The bodies so treated, entire 
or fragmented, are incapable of producing disease when injected 
into larve. 

9. The polyhedra were subjected to certain microscopical, 
physical and chemical tests, but no evidence was obtained 
which could lead one to interpret these structures as living 
entities or as enveloping living material. 


10. The polyhedra originate within the nuclei of the hypo- 
dermal, fat, tracheal matrix, and certain blood cells. The 
changes within the pathological cells are described and the 
intranuclear development of the inclusion bodies outlined. 

11. The blood is a useful diagnostic index and can be used 
in following the progress of the disease. A detailed account of 
normal and pathological blood cells is given. 

12. From all the evidence so far available it still seems 
necessary to regard the polyhedra as reaction bodies arising 
in certain tissues as by products of nuclear changes produced 
by the virus. They are of great diagnostic value. 

13. Experiments are presented to show that silkworm 
grasserie, tent caterpillar wilt and gipsy moth wilt, so similar 
histopathologically are caused by distinct viruses. These 
viruses are absolutely specific. 

14. It is shown that some larve are immune towards their 
specific virus. 

15. It has so far been impossible to detect polyhedral 
disease within moths and eggs, but an experimental result is 
presented which seems to demonstrate that the tent virus is 
transmitted from generation to generation through the egg. 
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EXPLANATION OF PLATE XVII. 
SKETCHES OF NORMAL AND PATHOLOGICAL SILKWORM BLoop CELLS. 


1- 7. Normal leucocytes or phagocytes. 
8-11. Normal proleucocytes. 
. 12-13. Normal lymphocytes. 
14, Normal spherule or mulberry corpuscle treated with neutral red to 
show spherules in peripheral spaces. 
Normal spherule cell with peripheral spaces empty. 
Normal spherule cell crushed, showing discharged spherules, and 
elongated nucleus deformed by crushing. 
Normal cenocyte-like cell. 
and 19. Degenerating forms found in normal blood. 
Leucocyte, at times found in grasserie infected larve with a few 
questionable inclusions within nucleus. 
Pathological leucocyte found in grasserie larvae showing many small 
polyhedra within nucleus. 
Pathological leucocyte in grasserie larve showing entire nucleus 
filled with fully developed polyhedra. 
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NOTES ON A FEW APHID SPECIES AND THE GENUS 
ILLINOIA WILSON. 


By C. P. GILLETTE, 


Colorado Agricultural Experiment Station. 


Aphis oenothere Oestlund 


In his ‘‘Synopsis of the Aphidide of Minnesota,”’ Bul. 4 of 
the ‘‘Geological and Natural History Survey of Minnesota,” 
1887, p. 62, Dr. Oestlund describes a light green aphis occurring 
upon Oenothera biennis, giving it the name oenothere. The 
entomologists of the country seem quite generally to have 
attached this name to a similar, but quite distinct, species 
common in the eastern states, which seems to have escaped 
description and which apparently confines its attacks to Oeno- 
thera biennis. A large number of records on these two species 
indicate that the one so well described by Dr. Oestlund is 
extremely common on Oenothera and Epilobium species in 
Colorado, while the undescribed species is rarely taken in this 
state. 

Oestlund’s oenothere also resembles very closely, in structure, 
examples of A. epilobii Kalt. from western Germany, loaned to 
me for study from the United States National Museum by 
Dr. P. W. Mason. The European examples, though rather 
close to oenothere, were mutilated and not in a favorable 
condition for study. It does not seem at all probable that 
this European species that has not been reported, so far as I 
am aware, east of the Mississippi River in this country and is 
known to occur only on Oenothera biennis, is the same as that 
described by Dr. Oestlund, which is so abundant in the western 
United States and in northern Colorado, at least, to an altitude 
of 9000 feet or more in the Rocky Mountains. 

Dr. Oestlund, in his ‘‘Synoptical Key to the Aphidide of 
Minnesota,” in the ‘‘19th Report of the State Entomologist of 
Minnesota,’’ Sec. B, 50; 1922, p. 130, indicated the undescribed 
species instead of the one originally described by him as oeno- 
there. The undescribed species may be characterized as follows: 
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Aphis oestlundi, n. sp. 

Alate Viviparous Female: Head, thorax, antennz, cornicles, tarsi, 
distal ends of tibiz and femora, black or blackish; cauda of same color 
as the abdomen. Length to tip of cauda, 1.10 to 1.70 mm.; antenna, .80 
to 1.00 mm.; 4 to 6 large sensoria in a row on joint 3, none on joints 
4 or 5; length of joints about as follows: III, .22; IV, .17; V, .15; VI, .10; 
spur, .25 mm.; cornicles, .20 mm.; cauda a little ‘longer than tarsus; 
wings transparent, venation normal. See Fig. 1, a, b, and c, by Miss 
Palmer. 

A pterous Viviparous Female: General color, light green; cornicles 
and cauda much paler; tips of antennz, tarsi, distal ends of tibiz, and 
extreme tips of cornicles dusky to blackish. Length of body, 1.80 to 
2 mm.; cornicles, .20 to .30 mm., cylindrical or slightly tapering with 
weak flange. 
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Fig. 2 


Fig. 1. a, antenna; b, cauda; c, cornicle of Aphis oestlundi, n. sp.; d, antenna 
of A phis oenothere. 

Fig. 2. Caudas of apterous and alate forms of Macrosiphum rose, M. liriodendri 
and M. pisi. 


Described from examples taken on Oenothera biennis as follows: 


Orono, Me., June 27, 1924; E. M. Patch collector. Types. 

Monmouth Junction, N. J., May 30. 

College Station, Texas, May 19, 1916; F. B. Paddock collector. 

Rocky Ford, Colo., May 28, 1907, L. C’ Bragg, collector. 

Fort Collins, Colo., June 12, 1907; L. C. Bragg collector. 

Boulder, Colo., June 14, 1910; C. P. Gillette collector. 

Minneapolis, Minn., June 11, Oestlund; 9828 National Museum 
collection. 

War Bonnet Canyon, Neb., June 24, 1890; T. A. Williams; two 
slides, Nos. 97 W and 99 W, in National Museum collection. 
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It is interesting to note that all the records for this species 
are in May and June, indicating that there may be an alternate 
midsummer host. 

Aphis oenothere Oest., is a very common and extremely 
abundant species in northern Colorado, extending far up in 
the foothills and continuing until killed by heavy freezes in 
late fall. 


Aphis oenotherz Oest., var. rufa, n. var. 


On August 29, 1926, at an altitude of about 10,000 feet on Cameron 
Pass, Larimer County, Colo., where Aphis oenothere was extremely 
common on Epilobium, one plant was taken, heavily infested with a 
pale, rusty-yellow A phis clustered in the flower head. The color was 
so very different from the dark slaty color of A. oenothere, that I took 
it to be a very distinct species. However, upon mounting these lice in 
balsam for microscopic examination, they became exactly like oenothere 
in appearance, and I have been unable in any way to separate them from 
that species. They may be described as follows: 

Alate Viviparous Female: Color of abdomen pale rusty-yellow; head, 
thorax, tarsi distal ends of tibia, femora and antenne black. Cornicles 
and cauda colored like the abdomen, but somewhat darker, especially 
in the older individuals. 

Measurements: Length of body,* 1.80 to 2.12 mm.; antennae, 1.10 
to 1.12 mm.; cornicles, .25 mm.; cauda, .15 mm.; joints of antenna, III, 
.30; IV, .23; V, .18; VI, .12; spur, .25 mm. Sensoria: Joint III, 18 to 
26; IV, 8 to 16; V, 3 to 10; VI, Oto 1. See Figure1, d by Miss Palmer. 

Apterous Viviparous Female: Color of entire body pale rusty- 
yellow; antennz paler than the body; cauda a little darker than the 
body; antennz dusky in distal half; legs light yellow, with tips of tibiz 
and tarsi black. Body very slightly dusted with a fine powder which 
is hardly discernible in many of the individuals. 

Measurements: Length of body, 2 mm.; antenne, .10 mm.; joints 
of antenna; III, .28 to .32; IV, .18 to .22; V, .15 to 17; VI, .10 to .11; 
spur, .18 to .20 mm.; cornicles, .37 mm. The cauda equals tarsi in 
length, constricted little or not at all in the middle. 

Nymphs tesselated, in general color, like the larve. 


Aphis helianthi Monell. 

There is danger that entomologists may confuse Aphis 
helianthi Monell with the aphid described as this species by 
Oestlund in his ‘‘Aphidide of Minnesota,’’ 1887, p. 52, and 
again referred to as the same species in his ‘‘Synoptical Key to 
the Aphidide of Minnesota,” p. 129, in the ‘‘ Nineteenth Report 
of the State Entomologist of Minnesota,”’ 1922. This species 


*All body measurements include the cauda. 
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now belongs in the genus Anuraphis Del Guercio. The alate 
summer form has sensoria on joints 3-5 of the antenna, which 
are strongly tuberculated on joints 3 and 4; the cornicles and 
short triangular cauda are about equal in length, and the 
leaves upon which the louse feeds are corrugated. The species 
seems to be middletonii Thomas. 

In the case of helianthi Monell, the sensoria are confined to 
joint III; they are almost flush with the surface so that the 
joint appears smooth; the cornicles are nearly as long as the 
third joint of the antenna; the cauda is of the normal Aphis 
type, conical and upturned, and the louse does not cause any 
distortion of the leaves upon which it feeds. It is the common 
plant louse occurring on the under side of the leaves of both 
native and cultivated sunflowers in this country. 


Genus IIlinoia Wilson 


Professor H. F. Wilson, in his ‘‘Key to the Genera of the 
Subfamily Aphidide and Notes on Synonomy,”’ published in 
‘‘Annals of the Entomological Society of America,’’ December, 
1910, p. 318, erected the genus J/linoia, and set Siphonophora 
liriodendri Monell, as the type. 

The diagnostic characters in Wilson’s description of this 
genus seem to be: Antenne on prominent tubercles, first seg- 
ment strongly gibbous; tubercles not gibbous; cauda constricted 
near the middle, and very long cornicles constricted and 
reticulated near their tips. 

Mr. A. C. Baker in his ‘‘General Classification of the Hemi- 
pterous Family Aphidide,’’ Bulletin 826, United States Depart- 
ment of Agriculture, p. 56, gives as the characteristics of this 
genus: ‘‘Prominent, diverging frontal tubercles * * *; sub- 
circular sensoria * * *;cornicles cylindrical, * * *, cauda 
conical and, not as in Macrosiphum, with a constriction near 
its base’’ (Just the opposite of Wilson’s description of the 
cauda but correct for most examples of liriodendri that I have 
examined). See Fig. 2, c and d. The caudas of the adult 
lice are quite variable and may be slightly constricted near the 
middle, and are rather short for Macrosiphum. 

The illustration of the cauda of liriodendri in Baker’s Plate 8, 
Fig. J, in the paper above mentioned, does not apply well to 
the adult form in the examples I have studied, including Monell’s 
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types. The cauda usually has a length that is nearly if not 
quite twice its breadth at the base. I also have examples of 
this species from Mr. J. J. Davis, which he took at Urbana, 
Illinois, and examples taken by Mr. F. H. Chittenden and 
by myself in Washington, D. C., and can see no sufficient 
reason why any of these should not be included in the genus 
Macrosiphum as they agree in every detail with the character- 
ization of this genus as given by Mr. Baker in his ‘‘Generic 
Classification,’ above mentioned on p. 57, except that the 
cauda is rarely constricted in the middle, which is sometimes 
true also of rose, the type of the genus. If liriodendri is to 
form a new genus, it should be on account of the unusually 
long spur to joint VI of the antenne, the moderately gibbous 
second joint, which is not uncommon in Macrosiphum, and the 
rather short cauda and frontal tubercles; but these characters 
are comparative and not sufficient to warrant the erection of a 
new genus in the opinion of the writer. Theobald, in a footnote 
on p. 35 of his ‘‘ Plant Lice or Aphidide of Great Britain,’’ 1926, 
says: ‘‘The difference between Ii/linoia and Macrosiphum is 
very slight, being based only on the comparative length of the 
cauda. Typical Jllinoia have it distinctly conical, but from 
that form to the long cauda in Macrosiphum there are many 
intermediate species.”’ See Fig. 2, a, b, cand d by Miss Palmer. 


Macrosiphum pisi Kalt. 


Even if Illinoia should be retained as a new genus, there 
seems to be no good reason for including Macrosiphum pisi in it, 
as has been done by several recent writers. This species agrees 
in every detail with Baker’s characterization of Macrosiphum, 
except that the cauda (Fig. 2, e and f) is rarely constricted at 
the middle, but it-does closely resemble the cauda of M rose. 
Its structural characters in general are more like rose than 
liriodendri. In the opinion of the writer, both pisi and Jirio- 
dendri should be placed with rose in the genus Macrosiphum. 
Typical caudas of rose, liriodendri and pisi are shown in Fig. 2. 





SOME UNDESCRIBED DIASPINES FROM MISSISSIPPI.* 
(Homoptera: Coccidae) 


By Giapys HOKE, 
A. and M. College, Mississippi. 


Descriptions of four species are presented for publication 
in anticipation of the use of the names in a forthcoming technical 
bulletin on the Diaspines of the state to be published by the 
Mississippi Experiment Station. 


Aspidiotus socialis, new species. 





Scale of Female.— Color yellowish brown ;moderately convex, cir- 
cular; exuvia sub-central, covered by secretion; 1 mm. in diameter. 

Scale of Male.—Not observed. 

Adult Female.—Body longer than broad, in older specimens pygid- 
ium telescoped into preceding abdominal segments until as broad as 
long; rudimentary antenne bearing a stout seta; spiracerores lacking. 

Pygidium.—Lobes in three pairs, median pair large, prominent, 
mesal margins parallel and fused for more than half their length, distal 
margin rounding into lateral, slight indication of lateral notch near 
base; second pair of lobes short, reaching only slightly beyond base of 
median lobe, narrow, converging toward median lobes, chitinized, 
lateral notch; third pair of lobes much reduced, converging toward 
meson, chitinized, slight lateral notch or crenulation; incisure very 
narrow; thickenings along edges of incisure (densarze) conspicuous, 
mesal thickening of second incisura club-shaped, long and broad, 
lateral thickening smaller, those of third incisura shorter, sometimes 
apparently fused at cephalic end, thickenings of median incisura some- 
times inconspicuous, a small thickening on lateral basal portion of a 
median lobe usually conspicuous; plates observed only in third incisura, 
long as setz and slender, not discernible in some specimens; a dorsal 
seta at base of lateral margin of each lobe, one on lateris and one at 
base of pygidium; a ventral seta in close proximity to each dorsal seta; 
genacerores lacking; a ceratuba opening in groove between median lobes, 
three in grove from second incisura, a row of about six from third 
incisura, and about the same number in a row extending cephalad from 
near seta on lateris; anus small, about four or five times its width from 
distal end of lobes; vulva located in line with the setz located on lateral 
margin of pygidium at its base; viviparous. 


Host.—Bark of water-oak (Quercus sp.). 
Locality.—Aberdeen, Mississippi: May 4, 1921. Collected 
by Dr. H. L. Dozier. Well developed embryonic larve were 
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observed in one specimen. The absence of genacerores is 
apparently the chief morphological difference between this 
species and A. forbesi. Dr. Harold Morrison suggests that it 
is also probably closely related to A. ehretie (Brain). Chry- 
somphalus obscurus (Comst.) occurred in great numbers associ- 
ated with this species. Aspidiotus coloratus Ckll. and a species 
of Kermes were collected from the same tree. On August 18, 
1921 Argentine ants were collected ‘‘attending coccids’’ on 
the tree from which these species were taken. 

Holotype in the Coccid Collection of the Mississippi State 
Plant Board. Paratypes in the U. S. National collection of 
Coccidz, Washington, D. C. and in the author’s collection. 


Crypthemichionaspis ulmi, new species. 

Scale of female.—Color white when clean, if weathered, a dirty white, 
or if secretion has been removed exuviz showing as shiny black, speci- 
mens examined .8 to .9 mm. long, .4 mm. broad, pygidial portion much 
narrower, very convex, about .2 mm. high; ventral scale white, adhering 
to insect except beneath abdomen where it apparently usually adheres 
to bark, first exuvia at anterior end, delicate, covered by secretion, pale 
straw yellow when removed, black of second exuvia showing through 
when in place; position of first exuvia indicated on second which is 
shiny black and heavily chitinized, portions of pygidium and ventral 
surface less heavily chitinized than cephalothorax; plates visible on 
margin of pygidium. 

Scale of male.—Color white; .8 mm. long, .8 mm. broad, sides 
parallel, concentrically ringed, exuvia terminal covered with white 
secretion, pale straw color; posterior end of scale open to allow for 
exit of male. 

Adult male.—Body .56 mm. long; with wings folded back .75 mm. 
long not including antennz, .16 mm. broad; legs with a button-like 
structure between tibia and tarsus. 

Exuvia of male.—Apparently not differing from that of female. 

First exuvia of female—Mounted on slide apparently .39 mm. 
long, .26 mm. broad; antennz 6—segmented; distal segment with 6 or 7 
setz; tarsus twice as long as tibia; each abdominal segment apparently 
with a ceratuba opening on slight prominence on margin, slight median 
notch on margin of pygidium; 2 slender setz folded back and crossed on 
pygidium; a pair of very short median lobe-like projections of margin, 
2 sete associated with each; slight indication of a second pair of lobes; 
and beyond each of these a large and long plate; several setz on lateris; 
rostrum folded back in close proximity to margin. 

Second stage female-—Body apparently .46 mm. long; .29 mm. 
broad; rudimentary antennz with 3 stiff sete; segmentation distinct; 
margins of abdominal segments bearing 2 or more short tubercles or 
stiff plates; pygidium with lobes in 2 pairs, median pair broad, deeply 
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incised forming 2 lobelets, median largest, distal end with 2 deep notches 
giving a trilobed appearance, lateral lobelet without notches; second 
pair of lobes similar to first pair but very much smaller, sometimes 
apparently wanting; median pair of lobes widely separated; 8 pairs of 
long plates, 2 pairs of large short ceratuba on margin, first between 
second plate and median lobe, second ceratube between third and 
fourth plates; ceratubee on ventral surface slender; anus from 5 to 8 
times its own width from posterior margin. 

Second exuvia.—Densely chitinized excepting last 3 abdominal 
segments and pygidium, these chitinized but not so heavily as anterior 
portion; pygidium with lobes apparently in 2 pairs, median pair large, 
apparently incised forming 2 lobelets, the median with 2 notches on 
distal end giving a trilobed appearance, lateral lobelet much smaller 
and without notches; second pair of lobes incised, but very small and 
inconspicuous; 7 or 8 pairs of plates, long, stout, and chitinized, apparent- 
ly arranged 2—1—1-1—1-2; 2 pairs of short stout ceratubz opening on 
margin mesad of fourth and of second plates; a seta at base of each of 
lobes and 2 on lateris, possibly more; anus about 3 to 4 times its own 
length from margin. 

Adult female.—Body mounted on slide .44 to .59 mm. long, .39 mm. 
broad, some specimens with one side much straighter than other; derm 
membraneous; rudimentary antenna bearing 3 or 4 long stout sete and 
2 or 3 shorter, slenderer ones; tentorium large and chitinized; anterior 
spiracles with 2 or 3 spiracerores; posterior spiracerores lacking; 2 small 
setze caudad and mesad of anterior spiracle; a few small scattered setz. 

Pygidium.—Lobes lacking; margin unbroken; apparently 4 pairs of 
long setze on margin, median pair ventrad of others; and 6 or 7 smaller 
submarginal setz on ventral surface; ceratube submarginal, slender, 
each side apparently with 4 groups of about 3 or 4 each except last of 
only 1 or 2; genacerores in 3 groups, anterior groups fused forming one 
continuous band, posterior groups only slightly separated from median 
group of about 21-24 cerores, posterior groups of 4-6; 3 pairs of small 
setze cephalad of genacerores, and three pairs on each of two preceeding 
segments, 2 pairs on third, and 1 to 2 on second abdominal segment, 
dorsal surface bearing 7 pairs beginning with first abdominal segment 
one pair on each segment, and 2 on pygidium; anus superimposed on 
vulva, about 3 times its own width from margin. 


Host.—Elm (Ulmus americana L.). 

Locality.—Freshman baseball field, A. & M. College, Missis- 
sippi: October 15, 1926. Collected by Mr. J. N. Roney. 

This species was most abundant in cracks of the bark or 
partly or completely beneath the scales of Aspidiotus juglans- 
regie Comst. The scales of the latter species were often partly 
elevated from the bark and 2 or more specimens of the Cryp- 
themichionaspis were often found beneath one old scale, and 
also beneath females of Lecanium carye Fitch. The Aspidiotus 
and the Lecanitum were heavily parasitized though no evidence 
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of parasitism was observed in the Crypthemichionaspis. At the 
suggestion of Dr. Harold Morrison of the U. S. Bureau of 
Entomology, Washington, D. C., this species has been placed 
in the genus Crypthemichionaspis of Lindinger. It appears to 
be closely related to Crythemichionaspis africana (Newst.). 


Holotype in the Coccid Collection of the Mississippi State 
Plant Board. Paratypes in the U. S. National Collection of 
Coccide and in the author’s collection. 


Lepidosaphes ilicis, new species. 


Scale of female.—1.48 mm. long, very slender, little broader than 
exuvie, transparent, body of insect showing through very distinctly, 
scale appearing on leaf as nearly white; exuvie occupying one-half of 
total length of scale, first exuvia projecting entirely beyond scale, 
overlapping second only slightly, covered with thin white secretion, 
faint glistening straw-yellow color with secretion removed; ventral 
scale very delicate, not noticeable on leaf and only apparent as fringe 
along lateral margins beneath dorsal scale. 

Scale of male.—Slightly shorter than scale of female, slightly opaque, 
otherwise very similar and scarcely distinguishable from female scale 
except by presence of only one exuvia in male scale. 

Embryonic larva.—Body about .23 mm. long, .13 mm. broad; 
2 chitinized tubular ducts near cephalic margin of head; antenna 
apparently 5 segmented, distal segment annulate; coxa and femur of 
each leg very broad; pygidium with a pair of large lobes, a pair of small 
lobe-like processes between large pair; ventral surface with a long seta 
and a short one between large and small lobes and apparently with 2 
setz on dorsal surface about opposite these. 

Adult male.—Body, mounted on slide, 1 mm. long from base of 
antenne to end of genital sheath, and twice as broad from tip of wings 
with these expanded, antenne and legs apparently of usual type, basal 
portion of halter rather slender at base and broadly expanded toward 
apex, bristle slender, hook with slightly more than a right angle, basal 
portion of wing with distinct protrusion with pocket for hook. 

Second stage female—-Derm membranous except portions of 
pygidium; antenne rudimentary, bearing a long seta, apparently one 
anterior spiracerore; tentorium well developed; margin of body bearing 
small sete, margins of abdomen and thorax with ceratube; pygidium 
with lobes in three pairs, median pair well developed, as broad as 
long, distal half broadly rounded with indication of a notch near lateral 
margin, second pair of lobes deeply incised, mesal lobelet similar to 
median lobe but smaller, lateral lobelet much reduced and bluntly 
pointed at apex; third pair of lobes scarcely recognizable as such, 
deeply incised, lateral margins serrate; median incisura almost as broad 
as a median lobe, second and third about same width; plates arranged 
1—1—1; a dorsal and a ventral seta at base of each lobe, on lateris, and 
near base of pygidium, apparently with an extra dorsal seta at base of 
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median lobe; 5 pairs of broad altaceratube, arranged 0—1-1-1-1-1, 
with 2 or 3 pairs of small slender ceratubz on dorsal surface laterad and 
cephalad of anus but nearer margin; anus about 8 times its own width 
from distal end of lobes; 2 pairs of chitinized thickenings on ventral 
surface extending cephalad from base of median and of second pairs of 
lobes, median pair converging and almost meeting at a point slightly 
cephalad of anus; second pair beginning short distance cephalad of 
second pair of lobes. 

Adult female.-—Body mounted on slide 1 mm. long, .24 mm. broad, 
cephalic end very bluntly rounded, pygidium bluntly pointed; derm 
‘membranous except portions of pygidium; antenna very rudimentary, 
each bearing 1 long and 1 short seta, a portion of derm between antennze 
apparently protruding slightly and lacking finger-print-like markings 
of adjacent derm; tentorium long not heavily chitinized; derm adjacent 
to anterior portion of rostrum bearing numerous small chitinized, 
papilla-like projections; anterior spiracerores 3-6; thorax longer than 
abdomen and pygidium. 

Pygidium.—Lobes in 3 pairs, median pair large, as broad as long, 
deeply rounded, serrate almost to base; second pair deeply incised, 
median much larger than lateral lobelet, serrate on lateral margin, 
lateral lobelet small, pointed, often without serrations, inconspicuous; 
third pair similar to second, broader and less lobe—like in appearance; 
incisure rather narrow; plates short, not longer than seta, arranged 
1-1-1, median plate shorter than lobes, second as long as second lobe, 
third longest, as long as dorsal seta of second lobe; a dorsal and a ventral 
seta associated with each lobe, 2 on lateris; genacerores lacking; altacera- 
tube large, arranged 0-—1—2-2-2-1, paired arrangement of last two 
groups scarcely discernible; brevaceratube apparently lacking, 2 pairs 
of small ventral submarginal ceratube present on lateris; anus about 12 
times its own width from distal end of lobes; vulva caudad of anus; 
ventral chitinized thickenings extending cephalad from median lobes 
for about two-thirds of distance to vulva, thickenings from second 
pair of lobes extending cephalad of vulva; viviparous. 


Host.—Holly, (Ilex opaca Ait.), under side of leaves. 

Locality.—Horse Shoe Lake, Tallahatchie River bottom near 
Como, Mississippi: October 29, 1921. Collected by the author. 

The drawing of the second stage female is of a specimen on 
holly leaf, (Ilex opaca) from Flint Creek Swamp, Wiggins, 
Mississippi: December, 1920. Described from 2 adult females, 
2 second stage females, 1 male, and the scales. 

Holotype in the author’s collection. 


Paratype in the Coccid Collection of the State Plant Board. 
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Lepidosaphes solidaginis, new species. 


Scale of female.—Variable; color yellowish white; usually about 
2mm. long, and three-fourth as broad, convex; first exuvia small, long, 
and narrow, second exuvia much larger, broad, projecting well beyond 
margin of scale, both exuvie covered with secretion, scale without exuviz 
often as broad as long, ventral scale white, thick, adhering to bark of host. 

Scale of male.—Color similar to that of female, usually about 1 mm. 
long and narrow, sides of scale almost parallel, concentrically ringed, 
convex, exuvia about one-fourth as long as scale. 

Larva.—Body about twice as long as broad, (antenna broken on 
specimens studied) a pair of tubular ducts on dorsal surface of head as 
in figure; 3 pairs of large sete on dorsal cephalic margin, branched; 
legs well developed, tibia one-half as long as tarsus, coxa broad; pygidial 
margin with a pair of large lobes distinctly notched on inner and outer 
margins near base, between large lobes a pair of small chitinized lobe- 
like processes, deeply notched on distal end near inner and outer margins; 
a seta about one-third of length of body mesad of each large lobe, 2 small 
setze between small median lobe-like process and large lobe, laterad and 
dorsad of each large lobe a short seta on a serrate chitinized projection 
of margin, laterad of this seta a large plate followed by a chitinized 
projection of margin, then a seta followed by a plate, 3 pairs of smaller 
plates, setze and ceratube on margin as in figure; anus in close proximity 
to margin. 

First exuvia.—Four or five pairs of setae on anterior margin of head 
between the eyes, the 3 median pairs apparently may or may not be 
distinctly branched on distal half; antennze 6-segmented; a pair of 
cylindrical ducts opening on dorsal surface of head near anterior margin; 
eyes marginal; a distinct constriction between anterior and post¢rior 
half of specimen; pygidial margin as in figure, the 2 long sete folded 
cephlo-laterad and crossed on dorsal surface; rostrum, tentorium and 
legs pushed well back on to pygidium. 

Second stage female.—Body slightly less than twice as long as 
broad, broadest through abdominal segments; rudimentary antenna 
bearing 2 or 3 sete, setze and certubz on ventral surface of head as in 
figure; mesospiracerores 3-4, metaspiracerores not observed; a row of 
about 5 ceratube extending laterad from the posterior spiracles to 
margin, ceratube, and conical tubercles bearing certaube, extending 
cephalad along margin to anterior spiracles; pygidial margin with 2 
pairs of short broad lobes, second pair incised; 2 plates in median 
incisura, 1 in second, and 1 in third; lateris chitinized and deeply serrate; 
a dorsal seta on inner and outer margin at base of median lobe, at base 
of second pair of lobes and 2 on lateris, a ventral seta cephalad of first 
2 dorsal sete and laterad of remaining three; 5 pairs of short stout 
altaceratube, a few brevaceratube as in figure; anus 5 to 8 times its 
own width from distal end of lobes. 

Second exuvia.—Pygidial margin similar to that of second stage; 
rostrum usually folded back to or beyond anus. 
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Adult female.—Body usually twice as long as broad, rudimentary 
antenne bearing 2-4 sete; groups of ceratube on lateral aspects of 
abdominal segments and on thorax as in figure; a chitinized structure 
on margin of head laterad of anterior end of tentorium; mesospiracerores 
14-18, metaspiracerores 4-9. 

Pygidium.—Lobes in 2 pairs, median pair twice as broad as long, 
slightly notched on inner and outer margin, second pair of lobes deeply 
incised, mesal lobelet more than twice as broad as lateral, lateris deeply 
incised and margin chitinized; median incisura as wide or wider than a 
median lobe, second incisura wide; plates arranged 2-1-1, median pair 
longest, three times as long as median lobes, converging toward apex, 
second and third plates sometimes unipectinate on lateral margins; a 
pair of sete on ventral surface mesad and cephalad of median pair of 
lobes, a dorsal and a ventral seta associated with each pair of lobes, 
other setz observed, as in figure; genacerores 5-7, 8-12, 7-10 in speci- 
mens observed; altaceratubz 1—2—2-2 short and broad, brevaceratubz 
large, about 12 pairs, usually as in figure; ceratubze of ventral surface 
numerous, small, apparently usually with a group of about 4 cephalad 
of second pair of lobes, two groups of about 10 or 11 each on lateris, and 
a group of about 7-11 each on two preceding abdominal segments; a 
group of 2 about midway between vulva and posterior margin, a group 
of 2 or 3 between vulva and posterior group of genacerores, and 1 laterad 
of anterior group of genacerores; anus about 10 times its own width 
from distal end of lobes; vulva located between posterior groups of 
genacerores. 


Host.—Golden rod, (Solidago sp.) Scales clustered at the 


base of the main stem in close proximity to the roots and on the 
roots near the stem. 


Locality.—Pickens County, Alabama, September 8, 1925. 
Collected by Mr. George F. Arnold. The specimens were 
collected so near the Mississippi state line that it seems 
logical to include the species in this paper. A number of 
these scales had been parasitized but none of the parasites 
were collected. 

The most outstanding morphological characteristics of this 
species seem to be the exceedingly long plates of the median 
incisura, the presence of only one plate in the second and in the 
third incisura, the chitinized and dentate lateris, the large 
number of anterior and posterior spiracerores, and the presence 
of grouped ceratube on the ventral surface. 

Holotype in the Coccid Collection of the Mississippi State 
Plant Board. Paratype in the author’s collection and specimens 
from the type material in the U. S. National Collection of 
Coccide at Washington. 
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(The drawings were made by Mrs. G. G. DeBord, DeBord Laboratories, 
Fort Smith, Arkansas). 


PLaTE XVIII. 


Aspidiotus socialis, new species. 


_ 


Fig. Adult female, < 51. 


EXPLANATION OF PLATES. 
Fig. 2. Pygidium, X 193. 


Crypthemichionaspis ulmi, new species. 


Fig. 3. First exuvia, X 129. 

Fig. 4. Second exuvia, dorsal, X 58. 
Fig. 5. Adult female, ventral, X 87. 
Fig. 6. Male, portion of hind leg, X 331. 
Fig. 7. Second exuvia, pygidium, X 193. 


Adult female, pygidium, X 267. 


PLATE XIX. 


Lepidosaphes ilicis, new species. 
Fig. 9. Adult female, < 79. 
Fig. 10. Male, halter, x 500. 
Fig. 11. Female, second stage, pygidium, X 331. 
. 12. Adult female, pygidium, X 267. 








Lepidosaphes solidaginis, new species. 


Fig. 13. Larva, X 129. 

Fig. 14. First exuvia, X 129. 

Fig. 15. Second exuvia, pygidium, X 127. 

Fig. 16. Second stage female, X 79. 

Fig. 17. Adult female, genacerore, X 733. 

Fig. 18. Adult female, pygidium, 141. 
.19. Adult female, ventral, X 51. 
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CILIATED EPITHELIUM IN THE INSECTA. 


By A. C. Davis, 


University of California. 


The absence of ciliated epithelium in the Arthropoda has, 
until recently, been considered as one of the principal characters 
of the phylum. This rule may hold true in the majority of 
cases, but I believe it will by no means hold true in all. 

In the Insecta there seems to be some debate as to whether 
or not ciliated epithelium exists. The best known example is 
the epithelium of the Malpighian tubules, the cells of which 
are covered, on the side toward the lumen, by a thin hem or 
layer of what appear to be short, non-vibratile cilia. Berlese 
(1909, p. 786, Figs. 973 and 974) figures these cells, and plainly 
labels the apical portion ‘‘regione cigliare prossimale’’. Other 
authorities, as pointed out by Cameron (1912) have used various 
terms to denote this region, such as ‘‘ciliated border,’’ “‘striated 
plate,’’ ‘‘ciliated plate,’’ or ‘‘plate composed of free filaments 
or rods,”’ all of which convey the same idea. Other authorities 
have denied the existence of cilia, or have not committed 
themselves. In some recent work on the anatomy of Steno- 
pelmatus fuscus Hald., I encountered this peculiar condition in 
the epithelium of the Malpighian tubules, and was at first 
puzzled to know what to call it. The cilia are extremely short 
and fine, and the basal bodies are not clear. Some workers have 
argued that since the tubules are of ectodermal origin, this 
lining of the lumen is a chitinous tube, pierced by minute pore- 
canals. I cannot quite reconcile this explanation with the 
appearance of the structure in Stenopelmatus, in which the 
ciliated hem is clearly seen in both living tubules and sections, 
and, to all appearances, is composed of short, non-vibratile 
cilia. 

On the whole, I believe that insect anatomists are justified 
in considering the epithelium of the Malpighian tubules as 
ciliated until it is definitely proven otherwise. Tietz (1923, 
p. 263 and Fig. 23b) seems inclined to regard the lamina or 
striated hem of the mid-intestinal epithelium as ciliated, but 
queries the statement, as most writers have done. This, of 
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course, is the safer thing to do, but, since no one seems able to 
differentiate certainly between these filamentous, non-vibratile 
processes and true cilia, it seems to me that it would be easier 
and less confusing to plainly call them cilia of the mid-gut 
epithelium. 

Arguing from general invertebrate structure that cilia, if 
present anywhere, would be most highly developed in the 
reproductive tubes, I proceeded to make preparations of the 
living oviduct of Stenopelmatus. Under the high power or oil 
immersion of the compound microscope the epithelium of the 
oviduct is seen to be columnar, the walls very indistinct and the 
cells grouped into loose bundles. Each bundle protrudes into 
the lumen somewhat, giving the inner surface a warty appear- 
ance. The fact that the cells are very hard to see through, and 
contain globules of an opaque yellow, oily substance makes 
detailed study of the living cells impossible. At frequent 
intervals there are papilla protruding into the lumen for about 
25 or 30 microns. The whole inner surface is thickly set with 
what appear to be non-vibratile cilia of from 50 to 70 microns 
in length. By pressing the cover-glass the cilia can be made to 
sway back and forth in the currents. There is an incomplete 
row of small dark bodies just within the apical cell-wall that 
very closely resemble the basal bodies of cilia. 

Portions of the oviduct were fixed in Bouin’s and Flem- 
ming’s solutions, sectioned at 8 microns, and stained with Heiden- 
hain’s iron-alum haematoxylin and eosin. In these sections the 
cilia are tangled and matted somewhat, but still clearly demon- 
strable. The cell structure is difficult to make out, but the 
cells are apparently very loosely packed together. The ‘‘basal 
bodies’’ can sometimes be made out, but are less distinct than in 
the living material. No connection can be demonstrated 
between the cilia and the basal bodies. 

These observations, and the questionable value of cilia in 
the oviduct of an insect laying such large eggs as Stenopelmatus, 
made further observation necessary. Upon more careful exami- 
nation it was seen that the cilia, instead of terminating at or 
just within the apical walls of the epithelial cells, penetrated 
between them, (in most cases appeared to actually pass through 
them) and terminated in a large, elongate, deeply staining 
body near or in contact with the basement membrane. Upon 
comparison with living spermatozoa and with spermatozoa in 
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sections of the testis of the same species, the supposed cilia in 
the oviduct were seen to be without doubt the tail-pieces of 
spermatozoa, occurring in such great numbers as to resemble a 
fringe of cilia, and obscuring the details of the epithelial cell 
structure. In order partially to check this conclusion, an 
immature female Stenopelmatus of large size was dissected and 
examined. No cilia were found in the oviducts, the inner 
surface being quite plain. 


Portion of the apical part of the live oviduct epithelium, showing the 
sperm-tails and the false basal bodies. 
Outline from camera lucida. Semi-diagramatic. XX 465. 
2. Cells of the oviduct epithelium, showing spermatozoa penetrating to the 
basement membrane. The cytoplasm of the cells is not shown. 
Outline from camera lucida. X 500. 


The male of this insect has no penial organ capable of 
being inserted into the body of the female, and the semen is 
plastered on the outside of the body beneath and on either 
side of the oviduct, and covered with a viscid secretion which 
hardens almost immediately upon exposure to the air. While 
there may be some capacity for aspiration in the female organs, 
this certainly cannot be very powerful and the spermatozoa 
must make their own way to the seminal receptacle. It is not 
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strange that a great many should get started in the wrong 
direction, follow up the oviduct, and even enter the ovaries. 
Here, in their wriggling, many force their way between or 
through the cells of the epithelium and eventually become 
inactive. Examination of the ducts of a female soon after 
copulation would probably show them to be motile. 

Sedgewick (1901, pp. 18-19) notes the presence in Neo- 
tropical species of Peripatus of actively moving cilia in the 
epithelium of the duct from the receptaculum ovorum to the 
oviduct, and some zoologists have considered this another 
argument for excluding the animal from the Arthropoda. 
Fasten (1917) has demonstrated what he considers to be cilia 
in the vasa defferentia of several crustaceans. The region of 
the receptaculum seminis and the vasa deferentia are places in 
which the condition described above for Stenopelmatus might 
reasonably be expected to occur, if the epithelial cell-walls are 
not sufficiently strong to resist the entrance of the spermatozoa, 
and it is barely possible that Sedgewick and Fasten have 
encountered this condition in their material and have mistaken 
it for ciliated epithelium. It would be very easy to err in this, 
the true condition not being apparent except upon very careful 
examination, for which there would be no reason if there were 
not obviously something lacking in the explanation of the 
presence of cilia, as there is in Stenopelmatus. 

In any case, I have thought it well to call attention to the 
condition as found, that this possible source of error may be 
guarded against. 
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CONCERNING MELANDRYIDZ (COLEOPTERA).* 


By MELVILLE H. Hatcu#. 


The family Melandryide is changed to Serropalpide in the 
Junk-Schenkling Coleopterorum Catalogus. The genus Melan- 
drya served as the type of Melandryda and Melandryade Leach 
1817, so that it has distinct priority over Serropalpus, which did 
not serve as the type of a supergeneric group until Serropalpes 
and Serropalpides Latreille 1829. 


Key to Nearctic Species of Melandrya Fab. 


A}. Elytra septa- or octostriate; base of pronotum trisinuate; (Melandrya (s. 
str.); Mass. and Minn. to Iowa, Ind. and D. C striata Say. 
B'. Sides of pronotum straight. 

C!. Black; legs in part paler 
C?. Legs and venter paler 
C%. Legs, venter, pronotum and head paler; Mich., 
ab. thoracicus Melsh. 

B?. Sides of pronotum suddenly contracted before middle; black, 
pronotum tinged with rufous; N. Y var. excavata Hald. 

Elytra quadricostate. 

B'. Base of pronotum trisinuate; pronotum widest in front of middle; 
second and third segments of antennae together longer than fourth; 
(type E. connectens Newm.)...............eeeee- subg. Emmesa Newm. 
C!. Dorsum shining, smooth; pronotum transverse. 

D!. Piceous with clypeus, labrum, basal two segments of 
antennae, and apical portion of antennal and maxillary 
segments paler; pronotum distinctly swollen between 
basal impression and margin; hind angles of pronotum 
rounded; Conn. and Mich. to Ind. and Maryland. .labiata Say. 
Brownish with discal spot and apex of elytra and legs 
except apex of femora paler; pronotum not swollen, the 
basal impressions attaining nearly to margin; hind angles 
of pronotum more sharply rounded; Nfid., N. Y., Ont., 

connectens Newm. (maculato Lec.) 
C*. Dorsum not shining, with uneven surface bearing mixed 
brownish and golden pubescence; pronotum not transverse; 

Ni ¥ ...blackmani n. sp.f 

B?. Base of pronotum with scutellar lobe evenly rounded; pronotum 
widest behind middle; second and third segments of antennae 
together about equal to fourth; (subg. Neoemmesa nov.); black 
with clypeus and labrum paler; N. Y............ noveboracensis n. sp. 

B’, Base of pronotum straight; type and only species: coccinea Lewis, 
from Japan.... subg. Ivania Lewis 


Seidlitz (Naturg. Ins. Deutschl. V (2), 1898, p. 618, 619, 
626) should be consulted for a key to genera of Melandryini 


*A contribution from the Department of Zoology of the University of 
Minnesota. 


tNamed after Professor M. W. Blackman, of Syracuse, its discoverer, to whom 
I am indebted for many favors. 
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(= Melandrye Leconte and Horn) and the species of Melandrya. 
Csiki (Coleop. Cat., pars 77, 1924) should be consulted for 
bibliography. 

I have expanded Seidlitz’ conception of Melandrya to include 
all those species of Melandryini with costate elytra, and have 
indicated subgenera as shown. In addition to the Nearctic 
species, according to Seidlitz, my subgenus Melandrya includes 
caraboides L., the type of the genus, alternatus Mots., dubia 
Schall., niponica Lewis, and mongolica Solsk. My subgenus 
Emmesa includes barbata Lewis, gloriosa Lewis, modesta Lewis, 
ordinaria Lewis, and rufipes Gebl. 

Seidlitz’ determination of /abiata Say has been accepted. 
M. noveboracensis n. sp. corresponds closely with Say’s descrip- 
tion, which does not mention the configuration of the base of the 
pronotum. In /abiata, however, Say tells us that the pronotum 
is ‘‘with the lateral edge regularly arquated,’’ which would seem 
to eliminate noveboracensis, in which the lateral margin is 
distinctly oblique anteriorly. 

There seems to be some doubt as to the identity of Emmesa 
connectens Newm. Leconte regarded his Melandrya maculata 
as synonymous with it. Seidlitz denied this, and regarded 
connectens as the type and only species of Emmesa, which he 
defined by means of an evenly rounded non-emarginate scutellar 
lobe on the base of the pronotum. The two species cannot be 
separated on the basis of the original descriptions. My speci- 
mens conform to the Seidlitz definition of maculata Lec., which, 
for the present, I regard as synonymous with connectens. The 
possibility that they are not synonymous and that the true 
connectens is entirely unknown to me should not, however, be 
forgotten. 


Melandrya (Emmesa) blackmani n. sp. Length, 12-13 mm., width 
across elytra 4-4.76 mm. Color throughout dark reddish brown; 
body covered with pubescence, which is nowhere so dense but that the 
ground color can be seen through it, consisting of a mixture of golden 
and reddish brown hairs. Head uniformly pubescent above. Antennz 
11-segmented, the apical nine segments finely but distinctly pubescent; 
third segment but little shorter than fourth. Pronotum not wider 
than long, without side margins except for a short distance at base; 
widest at apical two-fifths; apex arcuate; anterior angles entirely 
obsolete; base truncate, feebly trisinuate; hind angles rounded. Surface 
of pronotum uneven, median line distinct, with a furrow and several 
depressions on each side. Elytra quadri-costate, not wider behind, 
with golden pubescence more distinct along costz, surface uneven, 
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humeri tuberculate, elytral margins behind humerus sinuate. Elytra 
evenly and conjointly rounded at apex, with sutural and outer angle 
wanting. Legs with very fine pubescence. Fifth abdominal sternite 
broadly and deeply emarginate and narrowly paler along its apical 
margin. 


Type and two paratypes: Cranberry Lake, N. Y., June 
24, 1921. M. W. Blackman, collector. Type and paratype 
in collection of author. One paratype in collection of M. W. 
Blackman. 


Melandrya (Neoemmesa) noveboracensis subg. et sp. nov. Length, 
8 mm., width 3 mm. Throughout very finely pubescent and shining 
black except clypeus, labrum, basal two segments of antennz, terminal 
two or three segments of tarsi, and last abdominal sternite, which are 
paler. Head moderately punctate. Second and third segments of 
antenne together equal to fourth. Pronotum five-eighths as wide at 
apex as at base, widest just before base, thence feebly arcuate to apex, 
which is truncate. Base sinuate on each side, curving into an evenly 
rounded scutellar lobe. Disc coarsely punctate, median furrow nearly 
obsolete, lateral impressions extending about three-fifths of distance 
to apex, divided into two fovez and separated from margin by a swollen 
portion of the pronotum. Scutellum rounded behind, the coarse 
punctures nearly contiguous. Elytra faintly quadri-costate, side 
margin gradually rounding into apex. Punctures of elytra coarser 
and more sparse than on pronotum. Last abdominal sternite very 
feebly emarginate. 


Type, Cranberry Lake, N. Y., June 11, 1921. In collection 
of author. 


Melandrya (Emmesa) colorata (Scudder), (Silpha colorata Scudder, 
U.S. G. S. Mon. XL, 1900, p. 44, Pl. V, Fig. 5) from the Upper Miocene 
of Florissant cannot be a silphid. Only the apical half of the elytra is 
preserved. The only living species with which I can compare the 
fragment is Melandrya (Emmessa) connectens Newm., from which it is 
separated by the failure of the apical spot to attain the apex of the 
elytra. Provisionally, therefore, I assign it to this subgenus. 

This is only the third fossil melandryid at all adequately 
described. The first is Abderina helmi Seidlitz (1. c., p. 507, 577) 
from the Lower Oligocene of the Baltic Amber, whose structure 
and affinities are apparently as well known as any of the recent 
genera. The second is Synchroa quiescens Wickham, from the 
Upper Miocene of Florissant, Colorado. From the Baltic 
Amber Berendt (Organ. Reste. I, 1845, p. 56) listed an Orchesia 
and an Hallomenus, and Helm (Schr. Nat. Ges. Danzig, IX, 
1896, p. 228) mentioned Orchesia, but these must be regarded as 
incerte sedis until adequately described. 
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Canifa plagiata ab. millikini nov. Corresponds very nearly to the 
description of plagiata Melsh., except that the pronotum is blackish- 
fuscous. The pronotum is five-eighths as long as broad at the base, but 
I obtain this same measurement for specimens of pallipes Melsh. and 
pusilla Hald., so that Blatchley may be in error when he states that the 
pronotum is twice as wide as long in plagiata. The pronotum is impressed 
in front of the scutellum, but much more feebly than at the sides, where 
the impressions are distinctly foveolate. 

Length, 2.5 mm. 

Type: Macon Co., Ill., vi-2-1925, M. H. Hatch collector, 
in collection of author. Taken sweeping the herbage on the 
‘‘back campus’”’ of the James Millikin University, Decatur, 
after which I name it. 


NEW ABERRATIONS OF TEMNOPSOPHUS AND 
PSEUDEBAEUS (MALACHIIN&, 
COLEOPTERA).* 


By MELVILLE H. Hatcu. 


Temnopsophus bimaculatus was described by Horn in 1872 


from a unique from Louisiana in the Ulke collection. As 
nearly as I am able to ascertain, the genus has not been men- 
tioned in the literature since except by Schwarz, who, in 1878, 
recorded Horn’s species as common in Florida and described 
T. impressus. 

In July, 1922, the author took a series of thirteen specimens 
in the vicinity of Ann Arbor, Michigan, which, on the basis of 
Horn’s description, seemed to be distinct from his species. 
However, a series of specimens lent me by Mr. E. C. Cresson, of 
the Philadelphia Academy of Natural Science, showed that the 
differences are not specific. 


Key to Forms of Temnopsophus Horn. 


A!. Base of elytra feebly or not impressed; length, 2-2.5 mm.; La., Ga., Fla., 
Ill., Mich ..bimaculatus Horn. 
B!. Lateral spot of elytra not at 
C!. Apex of elytra not pale; La., Ga., Fla., Mich......... ..,.-type 
C*. Apex of elytra pale; Il veeeeeeees...- ab. quadrimaculatus nov. 
B?. Lateral spot of elytra attaining humerus; Mich., Fla..ab. estelle nov. 
A*. Base of elytra distinctly transversely impressed; Fla...impressus Schwarz. 


*Contribution from the Department of Zoology of the University of 
Minnesota. 
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The type o@ and paratype @ of ab. guadrimaculatus are in 
the collection of the Philadelphia Academy of Natural Science. 
The type (co, AA20 Washtenaw Co., Mich., vii-26—1922) and 
nine paratypes (lo and 89, with same data as type, 19, 
AA15, Washtenaw Co., Mich., vii-25-1922) of ab. estelle are 
in the collection of the author and two paratypes (19, same 
data as type, and 19 from Fla.) are in the collection of the 
Philadelphia Academy of Natural Science. 

The Michigan specimens of bimaculatus Horn average 
slightly longer than the southern specimens, most of the Mich- 
igan specimens being very nearly 2.5 mm. long, while most of 
the southern specimens are about 2 mm. long. The antenne 
throughout the species vary from those with the first 3 to 5 
segments distinctly paler to those in which only the last 1 to 3 
segments are distinctly darker. The pronotum is widest at 
about two-fifths its total length from the base, strongly rounded 
cephalad, with the base feebly emarginate and paler. In some 
specimens, perhaps from immaturity, the entire pronotum is 
somewhat lighter in color and the paler base is not evident; 
in others the paler base is reduced to a fine marginal line. In 
only one of the specimens at hand (the type of ab. quadri- 
maculatus) does the lateral elytral spot conform closely with 
Horn’s figure of the type. In the others the spot extends 
towards the humerus, but is separated from it by a narrow 
darker area except in ab. estelle. The humeri are at best very 
feebly distinct, and the elytra at base are only slightly wider 
than the base of the pronotum. The legs vary from testaceous 
to those with the femora and tibiz distinctly dark. The sexual 
differences are such as are described for 7. impressus Schwarz. 
The anterior tarsi of the 2 are 5-segmented. 

The present opportunity is taken to announce a new aberra- 
tion of Pseudebaeus apicalis Say to which the name nigroapicalis 
nov. is given. It is distinguished from the type by having the 
apical margin of the pronotum a dusky black. Type o&@ and 
3 paratypes o& and 2 9, Macon Co., Ill., V-30-1925. M. H. 
Hatch; in collection of author. Taken sweeping vegetation in 
Decatur. 





A BIONOMICAL STUDY OF THE CLUSTER FLY POLLENIA 
RUDIS (FAB.). (DIPTERA, CALLIPHORID).*+ 


R. M. DeCourRsEy, 


University of Illinois. 


The cluster fly, Pollenia rudis (Fab.), has been an interesting 
species to the entomologist for a number of years. It is a 
common fly in most parts of the United States and yet, until 
recently, very little was known about it. The species is the 
type of the genus Pollenia and is by far the best known species 
of the genus. The cluster fly is ordinarily observed in large 
numbers only in the autumn and spring. It is not abundant 
during the summer. The species becomes troublesome in 
houses in the autumn while seeking hibernation and again in the 
spring at the close of the hibernating period. 


REVIEW OF LITERATURE. 


Robineau-Desvoidy (1863) records the fact that clusterflies 
became common in the autumn and entered houses when it 
became cold. He supposed that they laid their eggs in decom- 


posing animal or vegetable matter. Schiner (1862-1864) 
observed that they were common on walls and on the trunks 
of trees where they were exposed to the spring sunshine. Schiner 
knew nothing of the life history of the fly. 

Dall (1882) and Riley (1882) each reported a severe infesta- 
tion in houses. Dall closes his report in this significant manner 
‘*Words fail to describe their general depravity; it is beyond 
expression. If you wish to be happy, be sure you don’t intro- 
duce cluster flies into your family.”’ 

Although there are many reports of infestations there ap- 
parently was no investigation concerning the life history of the 
fly until Keilin published his first account in 1909, when he 
announced that the larve of Pollenia rudis (Fab.) were parasitic 
in the general body cavity of Helodrilus (Allolobophora) chlo- 


*An abstract of a thesis submitted in partial fulfillment of the requirements 
for the degree of Doctor of Philosophy in Entomology in the Graduate School of 
the University of Illinois, 1927. 

tContributions from the Entomological Laboratories of the University of 
Illinois, No. 117. 
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roticus (Sav.). This short article was followed in 1915 by a 
detailed account of the life history of the fly with an especial 
study of the larve. 

Briefly, Keilin’s results show that the larve of P. rudis 
live as parasites in the general body cavity of H. chloroticus 
(Sav.) or H. roseus (Sav.). The female fly lays eggs in the soil 
toward the end of August or the beginning of September. The 
larvez, which hatch four to six days later enter the earthworm by 
the male genital orifice and pass into the body cavity of the 
genital segments. The larve are probably able to enter while 
the worms are in copula. The larve lie dormant in the body 
cavity from September or October until the following April or 
May when they become active and migrate to the anterior end 
of the worm.’ When a larva arrives at the prostomium, its 
posterior spiracles are exposed to the air and it begins feeding 
upon the anterior segments of the worm. Six to ten days later 
the larva molts and passes to the second instar. 

The second instar larva feeds for nine more days and passes 
to the third and last instar. At this stage it begins to feed 
aggressively on all the tissues of the host. As its volume 
increases it distends the body of the worm and becomes more 
and more exposed as it progresses toward the posterior end of 
the worm. It finally leaves the worm which is generally still 
living, and pupates in the soil. The third instar lasts nine or 
ten days. The adult emerges from the pupa after thirty-five 
to forty-five days. 

Webb and Hutchison (1916) attempted to verify Keilin’s 
work, in America. They found no indications of a dormant 
period during which the larve remained practically motionless 
in the body cavity of the worm. Their study of summer 
generations indicated a much shorter period of development, 
according to the following data: egg stage, 3 days; larval 
stages, 3-22 days; pupal stage, 11-14 days. The total period 
of development was found to be 27-39 days. They reached a 
tentative conclusion that there were four generations in the 
latitude of Washington, D. C. 

Two papers dealing with the biology of Pollenia rudis (Fab.) 
were published in 1924. The first, by Barnes (1924), is charac- 
terized by too hasty conclusions drawn from insufficient evi- 
dence. He states in his summary that ‘‘The presence of worms 
in the soil is necessary for oviposition.’’ We have found that 
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the flies oviposit readily when no earthworms are present in 
the soil. Barnes also states that ‘‘Fertilization takes place 
before hibernation, although males do survive the winter.” 
Our examination of spermathece of hibernating females has 
never revealed any sperms. Copulation of the hibernating 
generation has been observed by us to take place in the spring. 

The article by Garrison (1924) gives several rearing records 
of P. rudis. The flies were allowed to lay eggs on the soil in 
cages. As soon as eggs were found all the flies were removed 
and a certain number of earthworms, H. chloroticus, were 
placed on the soil. A daily watch was kept for the emergence 
of adults. 

Garrison was able to secure a small emergence by this 
method. In the worms examined, the larve were found in 
different parts of the body of the worm, and did not appear to 
be confined to any particular region. 


APPARATUS USED. 


In the present work, flies were caught in especially designed 
traps similar to the cone-shaped traps on the market for trapping 
house flies, but provided with a second cone at the top of the 
trap, which opened into a small wire cylinder 244 inches in 
diameter and 61% inches high. The cylinder screwed into the 
frame of the trap. The flies collected in the cylinder at the top 
of the trap and were held there by the second cone which they 
had passed through. Duplicate cylinders were made for each 
trap to enable one to make collections quickly. 

Screen wire cages with metal frames were used for rearing 
the flies. Soil was placed on the floor of the cage to a depth of 
about three inches. The soil was kept moist and the flies laid 
their eggs in it quite readily. A cylindrical screen wire cage 
which may be set over flower pots is very convenient. 


DESCRIPTION OF LIFE STAGES. 


The paper white eggs of the cluster fly are about 1 mm. long and 
0.3 mm. in diameter (Plate XX, Figs. 1 and 2). The ventral side of 
the egg is convex while the dorsal side is flat or slightly concave. Two 
carine extend along the dorsal side of the egg almost to the posterior 
end. The surface of the egg with the exception of the two ridges and 
the groove between them is finely etched into irregular figures. 

The larve of the cluster fly are legless maggots and have the charac- 
teristics of the larve of the higher families of Diptera (Plate XX, Fig. 3). 
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The first instar larve are 1 mm. to 1.5 mm. long and 0.2 mm. to 0.25 mm. 
wide. They are nearly transparent and the organ systems can be 
seen by reflecting light through the body. The dark-colored, pharyn- 
geal skeleton of the head shows very distinctly. The cuticular spines 
are also nearly transparent and difficult to see even with the microscope. 

Keilin (1915) has made a detailed study of the larve of this species; 
the reader is referred to his descriptions. 

The pupa of the cluster fly develops within the larval skin as do the 
other Calyptrate Muscids (Plate XX, Fig. 4.). The larval skin becomes 
a tough, brown-colored, puparium for the developing pupa. The 
pupal case of the cluster fly is 7 mm. long and 2.5 mm. wide. The 
form of the antenne, the anterior spiracles and the plates of the posterior 
spiracles of the larva, may be seen on the pupal case. Pupation occurs 
in the soil. 

The adult fly is somewhat larger than a housefly (Plate XX, Fig. 5.). 
The female is slightly larger than the male. The eyes of the female 
are dichoptic, while those of the male are holoptic. As a whole, the fly 
has a non-metallic, dark gray color. When at rest it overlaps its 
wings, which gives it a linear appearance. 

The antenne are rather small, the proximal segments are of a 
reddish color. The parafacials, or gene, are setose down to the ventral 
margin of the eye. 

The adult is easily recognized when it is in the newly emerged 
condition, by the coat of curly yellow hair on the dorsum of the thorax. 
This pile, however, is easily rubbed off. The thorax is without distinct 
stripes and there are two pairs of anterior acrostical bristles, two anterior 
and three posterior dorsocentrals, one posthumeral and one presutural. 
The fourth longitudinal vein of the wing, (Media 1 and 2), is sharply 
bent. The abdomen is dark grey with irregular lighter patches. 


P. rudis is widely distributed in both the Old and the New 
World. In America it has been reported from all the provinces 
of Canada and is generally present throughout the United 
States with the exception of the states bordering on the Gulf of 
Mexico. It is known to be present from coast to coast between 
35 and 45 degrees N. latitude. 


THE HIBERNATING GENERATION DURING THE 
SPRING MONTHS. 


The first warm days of early spring are marked by the 
appearance of the cluster flies. They often emerge when the 
air is so cold that they are unable to fly. If there is snow on 
the ground they are all the more conspicuous crawling about 
on the snow, but they soon become imbedded in it and die. 

When the weather is warm enough to permit flight the 
adults may be found feeding on fruits, around garbage contain- 
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ing fruit or other sweet liquids. They are fond of the sap 
from trees and shrubs and are common in cornfields on warm 
spring days where they are attracted to the moist pith of the corn- 
stalks. They also come to traps baited with apple or banana. 

In the spring the flies often become a nuisance in houses. 
The increasing warmth of the spring days induces activity and 
if the hibernating quarters have been in the walls of a house or 
around the window frames, the flies may emerge inside the 
house instead of on the outside. Just as they become a nuisance 
in the fall while seeking hibernating quarters, they are also 
bothersome in the spring as they try to escape. 

It is interesting to note that while the flies collected around 
buildings during the latter part of February were almost 
exclusively males, collections from fields of corn stubble showed 
a great majority of females. Females were also in the majority 
when taken in traps at this time. 


COPULATION. 


On February 23, and 24, 1927, thirteen pairs of P. rudis 
were observed in copula. The time or method of copulation 
has not previously been recorded. All the cases of copulation 
observed took place in the warm sunlight on the protected side 
of large buildings. The temperature was 62° F. in the shade, 
and 80° F. in the sunlight. 

The actual meeting of the male and female is difficult to 
observe. Apparently the female flies near a group of males as 
they are sunning themselves on the ground. There is a sudden 
rush among these males and the successful male comes to rest 
with the female, on the side of the building or on the ground. 
The pair assume the characteristic pose of copulating muscids; 
the male rests on the back of the female, the forelegs between 
her wings, the genital appendages at the tip of the abdomen 
clasping the ovipositor of the female in which the penis is 
inserted. 

The female is able to walk or fly with the male while they 
are still in copula, but does not ordinarily do so unless disturbed. 
Large males were observed mating with small females and vice 
versa. The length of time in which the flies remained in copula 
varied from 3 to 15 minutes in cases observed. 
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OVIPOSITION. 


P. rudis was observed ovipositing in the field the afternoon 
of March 30, 1927, a little more than a month after copulation 
had been observed. Copulation of the hibernating generations 
occurs on the first warm days of early spring but oviposition 
may be greatly retarded by unfavorable weather conditions. 
The day on which the act of oviposition was observed was 
bright and warm with a temperature above 80° F. at the surface 
of the ground where oviposition occurred. The plot of ground 
was a garden of black loam soil which had been cultivated the 
preceding summer. 

Several females, probably a dozen, were observed running 
hurriedly around over the ground. One female was selected 
and its movements followed in detail. Upon coming to a suit- 
able spot, the fly first, apparently, investigated the place. Then 
quickly turning around, the ovipositor was inserted in the soil. 
The female usually backed up slightly in order to push the 
ovipositor further into the soil. 

The act of oviposition took only 15 to 30 seconds after the 
place had been selected. Often two or three eggs were laid 
within an inch of each other, then the female usually flew a foot 
or more away before depositing another egg. This method of 
Oviposition gives considerable distribution of the eggs and must 
necessarily be of advantage to the young larve in locating their 
hosts. 

Individual females confined in cages have laid as high as 97 
eggs in one evening. Ordinarily females in confinement do not 
lay their eggs freely and the number of eggs laid by unconfined 
females is probably somewhat greater. Confined females will 
oviposit whether there are earthworms present in the soil or not. 
There is apparently no oviposition stimulus derived from the 
presence of earthworms. 

While the females will oviposit freely on various types of 
soil and upon fresh cow dung, we have never obtained any 
oviposition upon decaying flesh or decaying vegetables. 

The most common earthworms present in the soil where the 
eggs were deposited, were, Lumbricus terrestris Linn. Muller, 
Helodrilus roseus (Sav.), and Octolasium lacteum (Orley). 
Helodrilus (Allolobophora) chloroticus (Sav.) was not present. 
This species at Urbana is quite limited in its distribution and 
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has been collected only from certain places along the banks of 
the drainage ditch. 

The relation of the larve of P. rudis to their host is not 
clear in all its details. The larve apparently feed upon earth- 
worms, at least occasionally, but no one in America has been 
able to verify the type of parasitism described by Keilin (1915). 

Since H. chloroticus was not present in the soil where ovi- 
position was observed in the field, other earthworms apparently 
act as hosts. We have observed first instar larve of P. rudis 
feeding upon live worms of the species H. roseus in the labora- 
tory, but in no case have they entered entirely inside the worm. 
They have always fed with the posterior spiracles exposed. 
They have penetrated the worm at different places far back of 
the clitellar regions, as far back as the 87th segment. The 
larve do not appear to be constant parasites for they frequently 
withdraw themselves from the wound and crawl about over 
the worm. Larve have been observed to feed upon crushed 
earthworms as long as they remain fresh. Two larve were 
observed attacking from the outside, that is, not in the manner 
described by Keilin. 

In the laboratory, larve have fed readily on earthworms of the 
species H. roseus but have refused to feed upon H. chloroticus when 
introduced in the same manner. Adults have been reared from 
soil containing species of earthworms commonly found in this 
locality. Earthworms of the species H. chloroticus were collected 
and examined every two weeks during the summer months for two 
years but no parasitized earthworms were found. These earth- 
worms after examination were placed in soil in glass jars to 
permit emergence of adult flies, but none emerged. Keilin 
(1911) found the number of parasitized worms to be quite 
large. He makes the following statement; ‘‘In 107 worms 
dissected I found 74 parasitized by 87 larve.’’ It appears, 
then, that H. chloroticus is not the principal host of P. rudis 
larve in this locality. 

All attempts to feed larvze on material other than live earth- 
worms have failed. The larve have failed to survive when 
provided with cow dung, horse manure, loam soil, clay soil, 
grass sod, decaying roots of grass in soil, decaying wood, decay- 
ing meat and dead earthworms. Adults laid eggs on all these 
materials except decaying meat and dead earthworms. 
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We have secured no emergence of adults from manure con- 
taining H. foetidus and examinations of manure worms has 
never shown any parasitism by the larve. Out of hundreds of 
earthworms of various species examined, we have never found 
any second or third instar larve attached to a partly devoured 
earthworm as described by Keilin. Many injured earthworms 
are found, however, and it seems probable that the larve of 
P. rudis feed only intermittently upon earthworms and that 
when not feeding they are free living in the soil. 


THE SUMMER GENERATIONS. 


The cluster fly is not abundant during the summer months. 
If an especial effort is made they may be found but otherwise 
they would probably not be observed. Daily records of flies 
caught in traps indicate that there are probably four generations 
per year at Urbana. 

The hibernating generation dies off by the middle of April 
in the latitude of central Illinois and the first generation begins 
to appear during the latter part of May. This is not usually 
an abundant generation but flies may be taken in traps during 
the latter part of May and the first week or two of June. 

The flies then practically disappear until about the middle 
of July when the trap records show a steady increase until the 
end of the month. This is regarded as the second generation. 
From the middle of August throughout September a few flies 
are nearly always present. It is possible that by later summer, 
due to individual variation in the length of the life cycle the 
adults are constantly emerging and no distinct generation can 
be identified. The hibernating generation makes its appearance 
near the first of October and is regarded as the fourth generation. 


THE HIBERNATING GENERATION DURING 
THE FALL AND WINTER. 


The adults of the hibernating generation have a newly 
emerged appearance and usually have a glistening coat of 
yellow pile on the dorsum of the thorax. The ovaries of the 
females are undeveloped. The abdomen of both males and 
females is usually filled with fat. This is the most abundant 
generation of the year. 
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As the weather becomes colder the flies are active only during 
the warmest part of the day. At night they hibernate in build- 
ings or outside under surface debris or other sheltered places. 


TABLE I. 


A graph showing a monthly record of the number of cluster flies taken in traps 
during the year 1926-27. Solid black=females. Cross-lined=males. 
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They have been found to be especially common in cornfields, 
where they are found under the leaf sheath of the cornstalk. 
While the adults that hibernate in buildings are often more 
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conspicuous, it seems certain that cluster flies also hibernate 
in the open in considerable numbers. 

Cluster flies may be kept over winter in active condition in 
the laboratory if fed.on decaying fruits and provided with 
water. Adults in confinement were kept over winter in hiber- 
nation by bringing them into the warm laboratory at intervals 
to be fed. Adults sealed in a box and kept in hibernation from 
November 11, until March 4, were able to pass the winter 
without food or water although adults in natural hibernation 
commonly feed when the weather permits. 

Experiments with adult cluster flies in which both temper- 
ature and light factors were controlled show, that the adult is 
negatively phototropic at temperatures below 50° F. It is 
positively phototropic at temperatures above 50° F. 

The negative phototropism was not disturbed by variations 
in temperatures below 50° F. The adult, at hibernating 
temperatures, crawled to the dark end of an experimental tube 
even though it was eight degrees colder than the light end of the 
tube. At hibernating temperatures the cluster fly exhibits a 
positive thigmotropism. In nature, the fly is commonly 
observed wedged into corners along the weatherboarding or 
window frames of houses when the weather is cold. In experi- 
ments, positive thigmotropism was observed when the temper- 
ature was below 50° F. 

Ten live males and ten live females of the hibernating 
generation showed an average weight of 23.66 mg. for males 
and 28.23 mg. for females. The greater weight of females is 
accounted for by the unusual amount of fat stored in the 
abdomen. 


THE MALE AND FEMALE REPRODUCTIVE SYSTEMS. 


The reproductive system of the male cluster fly consists of two 
testes, a pair of accessory glands, the vas deferens, the ejaculatory sac, 
the ejaculatory duct, and the penis (Plate X XI, Figs. 1, 2). 

The testes (T)* are elongated organs, much smaller than the ovaries 
of the female and are salmon colored. They lie dorsally on either 
side of the median line in the fourth segment of the abdomen. A duct 
from each testis opens into the vas deferens. 

Internally the testis is a simple follicle. Stained sections of follicles 
show a series of zones in which the male germ cells are found in different 


*Letters refer to Figures in Plate X XI. 
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stages of development. Testes from hibernating males, examined 
during the winter months, contained germ cells in various stages of 
development, while ovaries of females examined during the same time 
were found to be practically dormant. The testes apparently produce 
sperms continuously while the ovaries aftef remaining dormant all 
winter undergo rapid development in the spring. 

The accessory glands (AG) lie between the testes. They are not 
convoluted as in many insects, but are long slender glands opening by 
a short duct into the vas deferens. 


The vas deferens (VD) leads to the ejaculatory sac (ES) which is 
ovoid in shape. A dark colored, elongate sclerite may be clearly seen 
within the sac. The sac has a thick muscular wall. The ejaculatory 
sac probably functions as a pump to drive the seminal fluid through the 
slender ejaculatory duct (ED) which leads to the penis (P). 

The male genitalia of P. rudis are shown in some detail because we 
believe they may be useful in taxonomic work regarding the genus 
Pollenia. The description of Pollenia obscura (Bigot) is termed un- 
recognizable by some writers. The identity of the species might be 
clearly established by a comparison of the genitalia with that of P. rudis. 


The penis lies between the styles and cerci (Plate XXI, Fig. 2). Dur- 
ing copulation, the ovipositor of the female is partially distended and is 
firmly clasped by both the styles and cerci while the penis is inserted 
in the vaginal opening. 

The reproductive system of the female cluster fly is composed of a 
pair of ovaries with their oviducts, a pair of colleterial glands, three 
spermathece, the vaginal tube and the ovipositor (Plate XXI, Figs. 
3, 4, 5). 

The ovaries (O) in hibernating females during the winter months 
are nearly oval bodies lying in the fourth abdominal segment. They 
are concave on the dorsal side and convex on the ventral side. Each 
ovary contains a number of ovarioles, usually about one hundred. 


In the dormant ovary of the hibernating female, each ovariole 
contains a very immature egg. The eggs in the ovarioles remain at 
this stage with little change from October till the latter part of February 
in this latitude. The warm days which come at the latter part of 
February or early in March, awaken the flies to activity for a few hours 
during the warmest part of the day. It is then that the eggs in the 
ovarioles begin to enlarge. The most mature egg enlarges rapidly and 
the ovariole expands to accomodate the growth of theegg. In years when 
there is an early spring many females are ready to lay eggs by the 
middle of March at Urbana. 

At the time of egg laying the ovaries occupy the greater part of the 
abdomen, reaching anteriorly to the air sacs. They.are separated from 
the body wall by a thin layer of fat which is reduced to a minimum at 
this time. 

The oviducts (Plate XXI, Fig, 3, OD) unite shortly after leaving the 
ovaries and extend as a single tube to the vagina (V). Ducts from the 
colleterial glands (CG) and the spermathece (S) enter the vagina 
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dorsally. The colleterial glands are long tubes lined by large epithelial 
cells. They probably function partly to furnish the secretion which 
gives the shiny varnished appearance characteristic of newly laid eggs. 

There are three spermathece, two on the right and one on the left 
(Plate XXI, Fig. 4). The spermathece and their ducts have an epi- 
thelial covering. The capsules themselves are chitinized and are dark 
brown in color, but the ducts are colorless. Both the spermathecze 
and their ducts are lined with a striated cuticular intima, that gives 
the ducts somewhat the appearance of tracheze. The intima is color- 
less and faintly striated in the ducts but in the spermathece it is plainly 
ridged and is a dull yellow color. 

Examination of the spermathece of hibernating females has never 
revealed any sperms. The spermathecze were placed on a slide in 
physiological salt solution and crushed under a cover glass. Females 
after copulation have the spermathece filled with sperms which are 
readily demonstrated by this method. We conclude, then, that copu- 
lation does not take place in the fall. 

The ovipositor when fully extended is about 1.7 mm. long (Plate 
XXI, Figs. 5, 6). It is used to push the eggs into the soil during ovi- 
position, and is also important in receiving the seminal fluid of the 
male during copulation. To the taxonomist, it may prove to be of 
specific value as the genitalia of insects are more thoroughly studied. 


NATURAL AND APPLIED CONTROL. 


The weather is the most imporatnt factor in natural control 
of the cluster fly. An unusually cold winter kills great numbers 
of adults. Heavy rains probably drown a great many larve 
in the soil. 


The chief offence of the cluster fly is that it is a general 
nuisance in the house. The flies usually enter around the 
window frames, under shingles, weatherboarding, or through 
cracks in the foundation. Once inside the house, the flies 
crawl sluggishly over the walls and often drop into food on the 
table. They are often rolled up under window blinds and 
leave unsightly greasy spots where they are crushed. 

Recent reports of severe infestations have been wholly 
lacking. Probably modern methods of constructing houses are 
solving the problem. Tests of some of the commerical sprays 
on the market for the control of the house fly in houses, have 
shown that they may also be applied against the cluster fly. 
It is good practice to keep all rooms open and well lighted in 
the fall. 





Annals Entomological Society of America [Vol. XX, 


ACKNOWLEDGMENTS. 


I wish to express my gratitude to Prof. C. L. Metcalf for 
his unfailing interest and guidance in the preparation of this 
work. I also wish to thank Prof. W. P. Hayes, Prof. W. V. 
Balduf and Dr. R. D. Glasgow for their valuable criticism and 
many helpful suggestions. Prof. Frank Smith and Mr. B. H. 
Hill have aided in the identifications of earthworms. 


SUMMARY. 
1. A bionomical study of the cluster fly is presented. 


2. Both males and females hibernate during the winter 
months and become active again in the spring. 


3. Examination of the spermathece of hibernating females 
shows that they do not contain sperms during the winter. 
Copulation, therefore, does not take place in the fall. 

4. Copulation of cluster flies was first observed on February 
23, at Urbana, Illinois, and is recorded and described for the 
first time. 

5. Oviposition of cluster flies in the field on March 30, 
is also recorded and described for the first time. 

6. The earthworm, Helodrilus chloroticus (Sav.), formerly 
considered the principal host of the larve of the cluster fly, is 
not the principal host in this locality. 

7. The first instar larve of the cluster fly refused, in the 
laboratory, to attack H. chloroticus in the manner described by 
previous workers. 

8. Adults of the cluster fly emerged from soil in which 
H. chloroticus was not present. 

9. The first instar larve of the cluster fly, in the laboratory, 
readily attacked the earthworm Helodrilus roseus (Sav.) as an 
intermittent parasite or predator. 

10. The manure worm, Helodrilus foetidus (Sav.) has never 
been found parasitized by the larve of the cluster fly, and no 
adults have emerged from manure in which H. foetidus was 
common. 


11. Attempts to rear larve of the cluster fly as a scavenger 
in the soil, dung, or decaying animal or vegetable matter, have 
uniformly failed. 
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12. The adult fly of the hibernating generation ordinarily 
exhibits a positive phototropism, except when seeking hiber- 
nation. 

13. At temperatures below 50° F., the adults exhibit 


negative phototropism, which functions when seeking hiber- 
nation. 


14. The cluster fly exhibits positive thigmotropism at 
temperatures below 50° F. 


15. The adult hibernates in cornfields under the leaf 
sheaths of cornstalks, beneath bark, and under surface refuse, 
as well as in buildings. 


16. Artificial hibernation experiments have shown that 
adults of both sexes may successfully hibernate during the 
winter without food or water, although adults in natural 
hibernation commonly feed when weather permits. 
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EXPLANATION OF PLATES. 


PLATE XX. 


Lateral view of egg, X 35. 
Dorsal view of egg, X 35. 
Lateral view of larva, X 50. 
Dorsal view of puparium, X 7. 
The adult; dorsal view, X 10. 


PLATE XXI,. 


The male reproductive system, X 40. AG, accessory glands; ED, 
ejaculatory duct; ES, ejaculatory sac; P, penis; T, testis; VD, vas 
deferens. 

Dorsal view of penis and surrounding structures, X 40. C, cerci; P, penis; 
L STY, left style; R STY, right style. 

The female reproductive system; dorsal view, X 17. CG, colleterial 
glands; O, ovaries, OD, oviduct; OV, distal end of ovipositor; S, sper- 
matheca; V, vagina. 

The spermathece; dorsal view, X 65. D, duct; S, spermatheca. 

Dorsal view of ovipositor, X 17. C, cerci; SP, suranal plate; 6, 7, 8, 9, 
body segments included in ovipositor. 

Ventral view of ovipositor, X 17. ASP, anterior spiracle; PSP, posterior 
spiracle; CL, club; SUB P, sub-anal plate. 
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ENALLAGMA AND TELAGRION FROM WESTERN 
FLORIDA, WITH A DESCRIPTION OF 
A NEW SPECIES. 


By C. Francis BYERs, 
Cornell University. 


The author received a collection of Odonata from Western 
Florida made during the first weeks in April 1927. The collec- 
tion, though small, proved to be a very interesting one, the 
following list and notes resulting from a study of Enallagma and 
Telagrion. 


1. Enallagma weewa, n. sp. 


Male: Color in dried specimens, light tan and metallic-greenish 
black, becoming violet-gray and pruinose in old specimens. 

Mouth-parts, gene, postgenze and occiput pale. Mandibles pale, 
with a black basal spot. Basal half of labrum and post clypeus black. 
Pale transverse frontal band narrow, hardly reaching to the bases of the 
antenna. Remainder of frons, the vertex and the antennae, black. 
Pale postocular spots linear, narrowly joining, or separated from, the 


pale, postocellar stripe, not connected with the pale color of the post- 
gene and occiput, (Fig. 1). 

Prothorax predominantly black, most of the anterior lobe, the sides, 
a pair of lateral spots, a dorsal twin spot of the middle lobe, and the 
posterior margin of the hind lobe, pale. Thorax with the mid-dorsal 
carina broadly brown, separating the usual wide mid-dorsal dark stripe 
into two narrower stripes. The humeral dark stripe very irregular and 
split longitudinally in the middle of its length so that almost the whole of 
the mesopleural suture is pale. The pale antehumeral stripe narrow. 
A black basal streak on the interpleural and metapleural sutures, that 
on the latter usually prolonged as a narrow line to the base of the 
posterior legs. Remainder of the thorax pale. Legs pale, femora with 
longitudinal dark stripes. Wings with Mg arising nearest the fourth 
postnodal cross-vein in the hind pair, the fifth in the fore pair, 11-12 
postnodal cross-veins in the fore wings, 10—11 in the hind wings. 

Abdomen pale, segments 1-8, inclusive, with the dorsum entirely 
metallic black, except for narrow basal rings on 3-6. Segment 9 
entirely pale except for a narrow apical line of black. Segment 10 
entirely black. 

Superior abdominal appendages black, shorter than 10, bifid, with no 
tubercle between the arms. The upper arm short, subtriangular, the 
lower oval and semi-rotated under the upper, so that a line drawn 
through its long axis would meet a similar line drawn through the 
upper arm, at an acute angle (Fig. 6), otherwise similar to E. exsulans 
(Fig. 5). 
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Female: Similar to the male, except segment nine of the abdomen 
has a triangular basal spot.on the dorsum, the apex of the triangle 
directed toward the apical margin, which it nearly touches. Segment 10 
entirely blue. A heavy ventral spine on the apical margin of abdominal 
segment 8. 


ENALLAGMA AND TELAGRION. 


Fig. 1. Head of Enallagma weewan. sp. Shows usual extent of black pigmentation 
in Enallagma. . 

Fig. 2. Head of Enallagma laurenti, female. Shows reduced condition of pigmenta- 
tion in Enallagma. 

Fig. 3. Head of Enallagma pallidum. Shows intermediate condition of pigmenta- 
tion between Enallagma and Telagrion. 

Fig. 4. Head of Enallagma daeckii. Shows extreme reduced pigmentation. 

Fig. 5. Male superior appendages of Enallagma exsulans. Dotted lines drawn 
through long axis of the arms. 

Fig. 6. Male superior appendages of Enallagma weewa n. sp. Dotted lines drawn 
through the long axis of the arms. 

Fig. 7. Enallagma daeckii. Partial venation of the fore wing. 

Fig. 8. Enallagma pallidum. Partial venation of the fore wing. 

Fig. 9. Enallagma antennatum. Partial venation of the fore wing. 


Dimensions: Total length, male 38 mm.; female, 38 mm.; length of 
abdomen, male, 31 mm.; female, 30.5 mm; fore wing expanse, male, 
42 mm.; female, 46 mm.; length of hind wing, male, 19 mm.; female, 
21 mm. 
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Holotype. One male, Chipola Lake, Wewahitchka, Gulf Co., 
Fla. (No 804.1, Cornell University Coll.). Allotype. One fe- 
male, Kathwood, Aiken Co., South Carolina. (No. 804.2, 
Cornell University Coll.). Paratypes. Two males and one 
female, Kathwood, S. C. (University of Michigan Coll.). One 
male, Chipola Lake, Fla. (Byers Coll.). Two males, Kathwood, 
S. C. (No. 804, Cornell University Coll.). One male, Ogel- 
thorpe, Georgia. (No. 804, Cornell University Coll.). 

Enallagma weewa, named after Wewahitchka, Florida, the 
type locality, is closely related to Enallagma exsulans, with 
which it has been confused for years. At first glance the 
appendages bear a resemblance to E. exsulans it is only when 
the two specimens are compared side by side that one sees that 
in exsulans the lower arm of the superior appendages is not 
semi-rotated under the upper, so that a line drawn through 
its long axis would be parallel with a similar line drawn through 
the upper arm, and not at angles to it, as in weewa, (Figs. 5-6). 
In coloration the differences between weewa and exsulans are 
slight, and confined in the most part to the head. In weewa 
the labrum has the basal half black, the mandibles have a black 
basal spot, the pale transverse frontal band is narrow, not 
reaching the bases of the antennz, and the postocular spots 
are very narrow; in exsulans the labrum has a black basal dot 
only, mandibles are pale with no basal black, the pale transverse 
frontal stripe reaches a little beyond the bases of the antenne, 
and the postocular spots are generally semi-rounded and wider 
than in weewa. These differences are slight and subject to 
fluctuation, or may even be eliminated in live material. In 
size weewa (length 38 mm.) is a larger Daniselfly than exsulans 
(32-35 mm.). 

Weewa occurs in South Carolina, Georgia and Florida. The 
material taken by Mr. Jesse H. Williamson, at Kathwood, 
South Carolina; by Dr. J. C. Bradley, at Oglethorpe, Georgia; 
and by Dr. Needham in Florida, are all of this species, as far 
as the material represented in the Collections of the University 
of Michigan and Cornell University have been examined. 
Probably the species is universal in the South-Eastern United 
States, where it replaces exsulans. 
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2. Enallagma dubium Root. Four males, Bull Pond, Tallahassee, 
Leon Co., April 12. One male, Chipola Lake, Gulf Co., April 9. 


This species was described by Dr. F. M. Root (1924, Ent. 
News, 35:321), as new, from Lee County, Georgia. This is 
the first record, as far as I know of its capture since its descrip- 
tion. A new Florida record. 


3. Enallagma pollutum (Hagen). Twelve males, 3 females, Bull 
Pond, Tallahassee, Leon Co., April 12. One male, Chipola Lake, 
Gulf Co., April 9. 


Enallagma signatum Hagen. One male, Chipola Lake, Gulf Co., 
April 9. (Three males, one female, Spring Creek, Decatur Co., 
Georgia). 

Enallagma sulcatum Williamson. One male, Chipola Lake, Gulf 
Co., April 6. Described by Mr. E. B. Williamson (1922, Ent. 
News, 33:114) as a new species from Gotha and Enterprise, Florida. 
It has not been recorded from elsewhere since its description. This 
record from Chipola Lake in Western Florida, greatly extends the 
range of the species. 

Enallagma laurenti Calvert. Five males, three females, Bull Pond, 

Tallahassee, Leon Co., April 4. The female of this species has 
never been described. A description drawn from the above 
material follows: 

The female is similar to the male as described by Dr. Philip P. 
Calvert (1919, Trans. Amer. Ent. Soc. 45:379) with the following 
modifications: The postclypeus (nasus) is in one specimen black with 
the margins and a median spot of yellow, (Fig. 2). The postocular 
spots are less broadly joined to the pale of the rear of the head than 
in the male as indicated by Dr. Calvert’s figures, but more broadly 
than in most of the Florida males in the present collection, (Fig. 2). 
The prothorax is predominantly black in two of the three specimens, 
the pale lateral and median spots of the middle lobe being quite reduced. 
Dorsum of abdominal segments 1-8 black. Segment 9 with a triangular 
basal black spot on the dorsum, the apex of the triangle not reaching the 
apical margin of the segment. Segment 10 entirely pale. The usual 
ventral spine on the apical margin of abdominal segment 8. Total 
length, 36 mm.; abdomen, 30 mm.; forewing expanse, 42 mm.; length 
of hind wing, 20.5 mm. 


In Mr. E. B. Williamsons key to the female of the Pollutum 
Group (1922. Ent. News 33:139), the female of E. laurenti 
would run out to E. vesperum, from which it is separated by the 
postocular spots broadly joining with the pale of the rear of 
the head. 

One of the three females has an ant attached to the femur 
of the first pair of legs. Mr. Fredrick M. Gaige, of the Uni- 





1927] Byers: Enallagma and Telagrion 389 


versity of Michigan, identified the ant as Darymyrmex pyram- 
icus. A similar case was reported by Mr. E. B. Williamson 
(1922. Ent. News 33:143). This material is located in the 
Cornell University collection. 


7. Enallagma geminatum Kellicott. One male, Bull Pond, Talla- 
hassee, Leon Co., April 12. One male, two females, Sweet Water 
Creek, Liberty Co., April 3. 


Enallagma divagans Selys. Twelve males, Chipola Lake, Gulf Co., 
April 6. 


Enallagma traviatum Selys. Six males, Bull Pond, Tallahassee, 
Leon Co., April 12. 


. Enallagma pallidum Root. Five males, two females, two nymphs, 

one reared male with exuvia, Chipola Lake, Gulf County, April 6. 

A new Florida record and a new life history. 

Enallagma pallidum was described by Dr. F. M. Root 
(1923. Ent. News 34:200) as a new species of Enallagma from 
Salisbury, Maryland. This species was placed in the Genus 
Enallagma and not Telagrion, by Dr. Root because of its small 
size (types, abdomen 26, hind wings 17 mm.). However, Dr. 
Root states, ‘‘At first sight, the slender form and the pale 
blue color of the specimens reminded me of Telagrion daeckit. 
‘ When I came actually to compare the two, however, 
the smaller size and the shape of the male abdominal appendages 
showed at once that they were distinct. . . . . Dr. Calvert 
informed me that it was a new species of Enallagma most 
closely related appearently to E. traviatum.”’ The finding of 
this species in Florida was a suprise, and an examination of the 
material has revealed the very interesting fact that pallidum 
is an intermediate between the Genus Enallagma and the 
Genus Telagrion, particularly the North American Telagrion? 
daeckii Calvert. The evidence follows: 

(a) Enallagma pallidum is closely related to the Genus Telagrion 
(including 7. daeckii and the Brazilian species T. longum) by certain 
characters of wing venation. The wings of Enallagma are never 
petioled to the anal cross vein. Those of Telagrion have one or both 
pairs petioled to, or nearly to, the anal cross vein. The Florida speci- 
mens of pallidum have both pairs petioled to the anal cross vein. In 
Telagrion M; and Rs are nearly parallel at their point of divergence 
from M,, (Fig. 7). In Enallagma Mz arises further proximad of Rs on 


M,, making the enclosed area nearly triangular, (Fig. 9). Pallidum 
agrees with Telagrion daeckii in this character, (Fig. 8). 
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(b) Enallagma pallidum resembles Telagrion daeckii in coloration 
more than any other North American Enallagma. The head and 
prothorax of Telagrion daeckii are predominantly pale, the black being 
restricted to isolated spots and streaks, (Fig. 4). The palest species of 
Enallagma known to me is E. laurenti, where the black area of the head 
about equals the pale, (Fig. 2). In all other species of Enallagma the 
black covers by far the greatest part of the head and prothorax, (Fig. 1). 
Pallidum, while having more black than daeckii, is very much paler than 
laurenti, (Fig. 2). A similar reduction of coloration is to be found on the 
thorax of pallidum and daeckii and not in other species of Enallagma. 

The femora of Telagrion are pale, with one or more ante-apical black 
rings, those of pallidum are also pale, with six or more dark rings, those 
of Enallagma are pale, with the black in longitudinal streaks. 

Daeckii, pallidum and E. semicirculare are the only species of this 
group having abdominal segments 8-10 entirely pale in the male. 


(c) Enallagma pallidum resembles Enallagma antennatum and 
Enallagma traviatum in the form of the male superior abdominal 
appendages. Telagrion daeckii, on the other hand, has little resemblance 
to these species (especially E. antennatum), in the form of the 
appendages. However, the appendages of daeckii are not un-Enallagma- 
like, resembling those of E. praevarum and E. culicinorum, but being 
quite distinct from either. 

(d) In the matter of size, pallidum forms an intermediate between 
Telagrion daeckii and Enallagma proper. The type material of pallidum 
measured: Abdomen, 26 mm.; hind wings, 17 mm.; the Florida material, 
Abdomen, 30 mm.; hind wings, 20 mm. The larger species of Enallagma, 
E. durum, laurenti, etc., are recorded with measurements as high as 
abdomen, 32 mm.; hind wings, 24.5 mm.; the average for Enallagma 
being about, abdomen, 24 mm.; hind wings, 18 mm. Telagrion daeckii 
measures, abdomen, 36 mm.; hind wings, 24 mm. 

(e) Nymph.—The immature stage of pallidum has never been 
described. A description of the Florida reared material follows: 

Male.—Length, 14 mm.; length of gills, 7 mm.; length of abdomen, 
8.5 mm.; length of metathoracic wing case,4mm. Head about one-half 
as long as wide, the caudo-lateral angles produced into tubercle-like 
processes behind the eyes, and setose. Antenne six-jointed, second 
segment shorter than the first, third longer than the second. Labium 
when folded, reaching just beyond the prothoracic suture, not to the 
mesocoxa. Lateral sete, 4; mental, 2. End hook of the lateral lobe 
followed by a series of 4 median sized teeth. Lateral margins of the 
median lobe with 6 setz on a side. Femora without heavy sete and 
with a well developed black preapical ring. Metathoracic wing cases 
extending to the middle of abdominal segment 4. Abdomen with the 
lateral keels poorly developed on segments 1-3, strongly produced 
behind on 4-7, lacking on 8-10. No heavy setz on any of the lateral 
keels, a few whitish hairs on 4-7. Gills long and slender. The smaller 
trachee are collected in small dark alge-like patches. The gill is also 
secondarily pigmented, the base, for about two-thirds the length of the 
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gill and the extreme tip being dark, leaving a light cross band on the 
apical third. Like the gills of E. antennatum, which nymph this one 
resembles very closely. 


Of the thirty-eight species of North American Enallagma, 
only eighteen of the nymphs are known, and only fourteen have 
been adequately described. Dr. James G. Needham described 
the nymph of Telagrion daeckii (1904, Proc. U.S. N. M. 27:715), 
the material for which I have at hand. 

The known nymphs of Enallagma sharply divide into two 
groups based on the development of the lateral keels of the 
abdomen, and the presence or absence of heavy setz on these 
structures. The following partial table of the nymphs and their 
characters will demonstrate the peculiar relationship of the 
North American Telagrion-Enallagma group as represented in 
the immature forms. 


TABLE I. * 








| | 
Species | Length Gills | Length Lateral Keels Lateral 
| of Gills Sete 


E. pallidum ; 14 Pigmented in dark | Poorly developed, + 
basal and apical with no sete. 
bands. 


E. antennatum 13-14 | Subapical clear | 8 | Poorly developed, 
stripe. no sete. 





2. signatum Pigmentedin3cross} 5.5 Well developed, 
bands and trachea. heavy setz in 
clumps. 


E. carunculatum 14 No pigment except Well developed 
in trachea. setz in rows. 
. daeckii 18 No pigment except Well developed 
in trachea. setz in rows. 




















It will be seen from the above table that E.antennatum and 
E. pallidum are in a group by themselves, separated from the 
other species in the table and those not in the table, by the 
pigmentation of the gills and the poor development of the 
lateral keels. It is also apparent that the nymph of T. daeckit 
is as closely related to the other group of Enallagma, as pallidum 
is to the antennatum division. 


*In this table column 2 is the total length in mm.; 4, the length of the gills 
in mm.; 6, the number of lateral setz; 7, the number of mental sete; 8, refers to the 
preapical dark ring on the femora. For photographs of the gills, see Dr. R. H. 
Howe, Manual of the Odonata of New England, Part I, Nymphs. 
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Conclusions. It becomes apparent, on consideration of the 
foregoing mass of material, that pallidum bridges well the gap 
between the North American Enallagma and Telagrion, and 
indirectly, through daeckii, with the South American Telagrion. 
The only character left solely to Telagrion daeckiti, at least, that 
is not shared by an Enallagma, is its extreme length of 42 mm., 
and the larger Enallagma encroach upon this. The nymphal 
evidence makes it impossible to consider pallidum a Telagrion, 
or to create a new genus for daeckii* and pallidum, either of 
which one would be inclined to do on the strength of the adult 
material alone. 

The only other solution possible is to make daeckii an 
Enallagma. When Dr. Calvert described daeckii (1903. Ent. 
News. 14:36) he placed it in the South American genus Telagrion 
questionably, with the remark that it was closer to Enallagma 
than to any other North American genus. So, perhaps, in the 
present light of daeckii’s close connection to Enallagma, directly 
through the nymph, and by way of pallidum through the adult, 
it is wise to simplify the matter by making ‘‘ Telagrion? daeckii 
Calvert’’ read ‘‘Enallagma daeckii (Calvert),’’ and so eliminate 
the name Telagrion from our North American fauna list. 

Certainly the genus Enallagma is growing large and cumber- 
some, including, as it does, such diverse groups as represented by 
cyathigerum, boreale, civile, antennatum, coecum, pollutum, semi- 
circulare, cultullatum (for which Dr. C. H. Kennedy created a 
new genus) and pallidum. The addition of daeckii will represent 
development in another direction. The situation is comparable 
in North American Odonatology, only with that other huge 
genus, Gomphus, with its manifold directions of development 
as represented by the four ‘“‘subgenera,”’ Stylurus, Ariogomphus, 
Gomphurus and Gomphus. 


11. Enallagma daeckii (Calvert). One male, “Cyrilla Pond,’ south- 
west of Tallahassee, Leon Co., April 13. 


12. Enallagma concisum, vesperum, doubledayi, durum, cardenium, 
civile and cyathigerum are known to occur in Florida, but were not 
represented in the present collection. 


*Dr. C. H. Kennedy (1920, Ohio Journ. of Sci., Vol. 21:87) makes Telagrion 
daeckii the type of a new genus which he calls Teleallagma. Stating, ‘‘Characters 
as in Enallagma, but the pair of subdorsal apical points of segment 10 are widened 
laterally into minute lobes, abdomen very slender. Wing petioles to Ac.”’ 





SOME NORTH AND SOUTH AMERICAN BEES. 


By T. D. A. CocKERELL, 


University of Colorado. 


There are signs that interest in wild bees is spreading in this 
country, particularly in the west. I hear of activities in Utah, 
Wyoming and Montana, all promising important results. The 
works of P. H. Timberlake and C. L. Fox, of California, will, 
when published, throw a flood of light on the genera Perdita 
and Nomada respectively. Dr. Kennedy writes me of collections 
in Ohio, and Messrs. Crawford and Mitchell are busy in North 
Carolina. Miss Sandhouse, at the National Museum, has 
begun to revise the whole series of Halictinae. Frison will give us 
an entirely new treatment of our Bombidae. The bees have 
been too much neglected. They share with the birds and butter- 
flies the advantage of being readily seen, so that it is not difficult 
to make a fairly exhaustive collection in a locality. They are 
interesting and attractive, and their habits, parasites, etc., 
afford abundant materials for biological studies. The genera 
are not very numerous, and are easily learned. The species, 
however, are very many, and often extremely ‘‘critical.’’ No 
one can name bees (unless perhaps Bombus) by just looking at 
them. The labor of sorting out the great masses of specimens 
accumulating in museums is too great for the workers now 
available, and hastily made determinations are often unreliable. 

We need a monographic treatment of our bees, on the lines 
of the volume by Bingham in the ‘‘Fauna of British India,” or 
of ‘‘Die Bienen Europa’s,’’ by Friese. I wish that such a 
work might be undertaken, with a suitable subsidy, as a 
memorial to Cresson, whose labors would necessarily be cited 
on almost every page. It would appear in parts, as ready, and 
when done would make it possible for entomologists all over the 
country to collect and study bees, determining what they found, 
instead of having to depend on others for critical work. Asa 
preparatory step, it would be useful to issue a check list, with 
the names and localities only. 

The difficulty of securing funds for printing is the most 
serious obstacle. When we publish taxonomic work it has to be 
abbreviated as much as possible, and thus made uninteresting. 
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It would be much better if descriptions of new species were 
accompanied by comments on the nature of the country they 
inhabit, the fauna they belong to, the distribution of the related 
forms, and so forth, but all this would take too much space as 
matters are now arranged. I have in preparation a check list 
of the bees of the world, which might well be thrown into the 
form of a study in geographical distribution, and would then 
have some general biological interest. It also shows which 
species are represented in several of the leading museums. 
Whether this can ever be printed, I do not know. I should not 
like to offer it to one of the journals knowing that if accepted 
it would crowd out more strictly original and therefore important 
matter. 


Hypanthidium flavomarginatum (Smith). 
Male. Jurujuba, Brazil, January 6, 1920. (E. G. Holt). 


Megachile jurujubensis sp. n. 


Female.—Length about 14 mm.; broad, robust, black, including the 
whole of mandibles and the tarsi; tegule dark chestnut red, finely 
punctured, wings rather dilute fuliginous; mandibles with a very 
broad cutting edge, with a pair of teeth at apical end, and inner corner 
produced; clypeus convex, shining, well punctured, but sparsely so in 
middle; lower edge briefly and obtusely bilobed in middle, with a 
pit-like median depression; supraclypeal area strongly punctured; 
antenne black, the flagellum obscurely reddish beneath; vertex and 
front with black hair, face with mixed black and white, the white 
especially about antennz and at sides of lower part of face; cheeks with 
dull white hair; mesothorax and scutellum dull, excessively densely and 
minutely punctured, mesopleura also dull; thorax above with dull white 
hair, mixed with black, mostly short and black on disc of mesothorax; 
upper part of mesopleura with long black hair, tubercles broadly fringed 
with white; tarsi thick, the small joints produced on each side; hind 
basitarsi long, broad and flat, about or nearly as long as the tibie; 
spurs whitish; hair of legs partly black, partly pale; middle tarsi with a 
short fringe of white hair behind; abdomen broad and short, weakly 
punctured, first segment covered with dull white hair, the others only 
with inconspicuous black hair, except that at base of third segment 
laterally there are indications of a white band; ventral scopa white, 
broadly black at sides of third and fourth segments, and black on seg- 
ments beyond. 


Jurujuba, State of Rio de Janeiro, Brazil, January 6, 1920, 
(E. G. Holt). Given to me by Mr. L. O. Jackson. In Schrottky’s 
table it runs next to M. pocograndensis Schrottky, but that has 
the thorax and base of abdomen yellowish-haired, and dark 
tegulez. It is not very close to any species known to me. 
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Megachile hoffmannseggiae Jorgensen. 


Females. La Rioja, Argentine. (Giacomellt) 


Megachile hoffmannseggiae hypoleuca var. n. 


Female.—Length about 11.5 mm.; differs by hair of sides and venter 
of thorax entirely dull white, instead of black; legs with pale hair. 
Hair of front white, mixed with black; hair of thorax white, not yellowish; 
sparse black hairs on discs of mesothorax and scutellum; wings dusky; 
abdomen with white hair bands; ventral scopa bright red. 


La Rioja, Argentine (Gzacoxelli). Possibly a distinct species, 
but I think not. M. pamperella Vachal appears to be an 
analogous variety of M. infima Vachal. I hesitated whether to 
refer this to M. steinbachi, but Friese describes that species as 
having yellowish hair, and the abdomen densely punctured. 
Also, there is apparently no white hair-band in scutello-meso- 
thoracic suture, this being very distinct in hypoleuca. 


Melissodes lavata Cockerell.* 


Male.—Length about 13 mm., anterior wing 10.3 mm.; black, robust, 
the head and thorax with long white hair, wholly without black or 
fulvous; eyes pale green; head very broad, facial quadrangle broader 
than long; apical part of mandibles obscurely reddish; labrum with 
pale yellowish hair; clypeus densely rugose punctate; flagellum beyond 
the second joint chestnut red beneath; sides of front above deeply con- 
cave and shining; mesothorax and scutellum shining, with scattered 
strong punctures; tegule dark reddish, with light hair; wings brownish 
hyaline, nervures and stigma dusky ferruginous; basal nervures falling 
short of nervulus; third submarginal cell longer below than first; legs 
with mainly pale hair, the copious scopa on outer side of hind legs 
cream-colored and strongly plumose; hair on inner side of hind basitarsus 
rusty black; hair on inner side of anterior and middle basitarsi 
ferruginous; abdomen with pure white hair—bands on segments 2 to 4, 
on 2 and 3 rather narrow, on 4 broad and entire; hind margin of first 
segment broadly and suffusedly reddish; hind margins of segments 2 
and 3 broadly red-brown; concealed parts of segments covered with 
chocolate-covered tomentum; fifth and sixth segments with dark 
chocolate hair, some pale at extreme sides of fifth. 


Wray, Colo. 1 9. (Lutz 4412C), August 17-19, 1919. 
Differs from M. glenwoodensis Ckll. by the broader face, hair on 
outer side of middle tarsi light, brown tomentum covering 
concealed parts of abdominal segments. In my key (Tr. An. 
Ent. Soc. XXXII, p. 86) it runs to the vicinity of M. blakei and 


*This species was very briefly described in a footnote in Pan-Pacific Ento- 
mologist, Vol. I, page 56. 
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M. mizee. The following key separates it from these and 
others: 


Hair-band of third abdominal segment very broad, occupying most of segment; 
hair of thorax above pale fulvous; large robust species.........mizeg Ckll. 
Hair-band of third abdominal segment relatively narrow, not broader than 
the bare marginal area behind it. 
1. Hair of thorax above pale fulvous or yellowish 
Hair of thorax above white 
2. Tegulae bright ferruginous; wings strongly | ‘brown; bands on abdominal 
segments 3 and 4 pure white. ¥ hitei Ckll. 
Tegulae rufopiceous; wings clearer; . bands on se egme nts 3 and 4 tinged with 
yellowish blakei Ckll. 
. Middle tarsi with black hair, their tibiae with red hair on outer side, 
glenwoodensis Ckll. 
Middle tibiae and tarsi with pale (slightly brownish) hair on outer side, 
lavata Ckll. 


(In Robertson’s table (Tr. Am. Ent. Soc. XXXI, p. 369) M. lavata runs out 
at 16.) 


Halictus perater sp. n. 


Male.—(Type). Length about 5 mm., the apical abdominal seg- 
ments retracted; black, with the head dark steel blue; pubescence 
scanty; no light markings on head or legs; tarsi long, brownish apically; 
face broad, inner orbits concave, but not emarginate; clypeus not 
produced; face shining, front dull; antennz with very long moniliform 
entirely dark flagellum; mesothorax and scutellum dull black, slightly 
shining, finely punctured; area of metathorax more shining, large, 
rounded behind, with a broad obtuse margin which does not extend to 
sides, basally with fine plicze; posterior truncation with a median sulcus, 
sides not sharply defined; tegule shining, very dark brown, sparsely 
very minutely punctured; eyes without hair; wings brownish hyaline; 
stigma dark red-brown, nervures fuscous, outer nervures not distinctly 
weakened; second cubital cell produced at lower basal corner, receiving 
recurrent nervure just before end; legs shining; hind tarsi very long; 
abdomen highly polished, impunctate, without hair bands or spots. 

Female.—Similar, except for the sexual characters. Head blue-black; 
antenne short, flagellum not pale beneath; plications at base of meta- 
thoracic enclosure feeble; hind spur with three strong oblique teeth. 


Huascaray, Peru, 6,500 ft., September 21 (C. H. T. Town- 
send). Very similar to H. semiviridis Friese, from Bermuda, 
but the male of H. perater has the face much broader and the 
mesothorax much duller, while the female has a narrower, 
intense black abdomen. It cannot properly be referred to 
Chloralictus, nor does it fit well in any known subgenus. 


Andrena albihirta (Ashmead). 


A female from Boulder, Colorado, May 6, 1922 (Maxy Pope), 
carries two Stylops. 
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Andrena (Trachandrena) eriogoni sp. n. 


Female.—Length about 9 mm., anterior wing 8.3 mm.; black, 
including antennze and mandibles, but small joints of tarsi dusky 
reddish, and tegule reddish brown, subtestaceous, dark in front; wings 
reddish hyaline, stigma and nervures dull ferruginous; malar space 
linear; process of labrum broadly truncate; clypeus shining, but closely 
and strongly punctured, with a smooth median ridge on lower part; 
facial fovezee creamy white, half as broad as distance between eye and 
antenna, rapidly narrowing below, ending a little below level of top of 
clypeus, only a smooth line between fovea and orbit; vertex densely 
punctured; third antennal joint long, fully as long as next two together; 
head with ochreous hair, conspicuous at top, at level of antennz and on 
cheeks; mesothorax and scutellum with very coarse dense punctures, 
on posterior disc of mesothorax some shining space between the 
punctures; hair of thorax above dull ochreous, dense, short and coarse; 
area of metathorax dull, with about 14 strong parallel ridges; stigma 
large; basal nervure falling a little short of nervulus; second cubital cell 
narrow, receiving second recurrent nervure beyond middle; femora 
with ochreous hair, tibize with sooty, tarsi with black, but dark red on 
inner side of anterior tarsi; spurs light ferruginous; abdomen bare, not 
banded, apical hair brownish-black; second segment in middle depressed 
much more than one-half, but not quite two-thirds; elevated parts of 
segments extremely densely punctured; depressed parts shining, with 
very fine punctures; the hind margins of second and third segments 
reddened; ventral segments more or less reddened basally. 


At flowers of Eriogonum, above Ute trail, Roan Mountains, 
Colorado, July, (Cockerell). Closely related to A. crassthirta 
Vier., and A. perdensa Vier., from the northwest, and separated 
by the combination of thick ochreous hair above and whitish 
fovez, as well as the smaller size. The subgenus Trachandrene 
also occurs in Europe. A very handsome species is A. (T.) 
albicans (Muller), which I collected at Winfrith, Dorset, 
April 20. 

Andrena topazana Cockerell. 


Female. Roan Mountains, Colorado, above Ute trail, 
July (W. P. Cockerell). 


Andrena lewisii Cockerell. 
Female. Top of Roan Mountains, Colorado, above Ute 
trail, July (W. P. Cockerell). Compared with the type, it is 
larger and with darker nervures, but certainly this species. 


Augochlora holti sp. n. 


Male.—Length about 9.5 mm.; head and thorax bright emerald 
green, the disc of mesothorax suffused with golden; legs with green 
femora; hind coxz and trochanters entirely green; tibie black, the 
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anterior ones dull honey color in front; anterior tarsi honey color, the 
others dark fuscous; abdomen shining brilliant green, with slight golden 
tints on disc of first two segments, hind margins of segments black, on 
segments 3 to 5 there is a strong blue suffusion before the black bands; 
venter black, simple, the hind margins of the segments obscurely 
brown, the third segment with the hind margin obtusely rounded in 
middle; tegula ferruginous; wings dusky hyaline; stigma dusky reddish, 
nervures fuscous; second cubital cell high and narrow; first recurrent 
nervure reaching basal corner of third cubital cell (as in A. feronia Sm.). 
Clypeus much produced, shining, strongly and not very densely 
punctured, its apical margin narrowly dark brown; labrum brown; 
mandibles ferruginous, with a green spot at base; antennz not very long, 
black, the flagellum obscurely brown beneath; eyes strongly emarginate; 
front very densely punctured; mesothorax shining, strongly and quite 
densely punctured; scutellum sparsely punctured on disc; metathorax 
rounded, closely punctured, the basal area short, semilunar, regularly 
striated, and with a well-defined rim; abdomen with short white glisten- 
ing tomentum; legs with white hair. 

Jurujuba, State of Rio de Janeiro, Brazil, January 6, 1920 
(E. G. Holt). Given to me by Mr. L. O. Jackson. This cannot 
well be the male of A. feronia Sm., as that has black femora, 
and the abdomen black at base; yet it is evidently allied. 
A. daphnis Sm. (male) differs conspicuously in the yellow 
margin of clypeus and lower side of flagellum. <A. metallica 
Fab. (male) is more slender, much bluer, with much narrower 
face. A. azteca Vach. (male) is also much narrower and bluer, 
with much more closely and coarsely punctured first abdominal 
segment. <A. graminea Fab. (from F. Smith’s collection) has an 
entirely different metathorax. A. caerulior Ckll. is also easily 
separated by the metathorax. In Vachal’s table it runs to 
the vicinity of the quite different A. muelleri Ckll. and A. 
rohdei Vach., the latter being only 6.5 mm. long. 


Augochlora (Augochloropsis) viridilustrans sp. n. 


Female.—Length about 8.5 mm.; brilliant emerald green, without 
any blue or purple tints (the type of A. artemisia has the abdomen 
bluish green, with purple tints, and strong purple tints on vertex); face 
very broad, orbits almost parallel; emargination of eyes broad, not 
abrupt; hair of head and thorax not very abundant, yellowish dorsally, 
dull white below; process of labrum binodose; mandibles black with a 
bright ferruginous spot in middle; clypeus convex, well punctured, the 
lower margin broadly black; clypeus and sides of face flushed with 
golden; front dull, but sides of face glistening; flagellum very obscurely 
reddish beneath; mesothorax and scutellum dully, excessively minutely 
and densely punctured; tubercles obtuse; area of metathorax semi- 
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lunar, covered with fine radiating striae, posteriorly in the middle with 
an obtuse thickened rim; posterior truncation well defined, granular, 
not polished; wings dusky hyaline; stigma and nervures dull pale yellow- 
ish brown; second cubital cell large, square, receiving first recurrent 
nervure at its end; coxa, trochanters, femora and tibiz green, including 
both sides of hind tibiz; tarsi black, the front ones reddened apically 
and the hind ones more or less reddish; hair of legs more or less pale 
orange tinted, especially on inner side of tarsi; hind spurs with four long 
spines; abdomen broad, shining green, with weak piliferous punctures; 
first segment not or hardly at all vibrissate, but second extremely 
briefly vibrissate, the hairs white; segments 2 to 4 with thin apical bands 
of white hair, only clearly evident in lateral view, the last two broad; 
beyond the fourth segment the abdomen is black above and- below; 
venter mainly green as far as fourth segment. 

Jurujuba, Brazil, January 6, 1920 (E. G. Holt). Given to 
me by Mr. L. O. Jackson. Very close to A. electra Sm. (Arte- 
misia Sm.), but easily separated by the area of metathorax, 
which in A. electra is smooth and shining. According to 
Schrottky, A. cubiceps Vachal is the same as A. electra. In 
Trans. Amer. Ent. Soc. (1905, p. 361), I gave differential 
characters, based on a cubiceps from Vachal compared with 
Smith’s type of artemisia. Vachal recorded cubiceps from 
Montevideo, Brazil and Mexico, and I have little doubt his 


series was composite, the Brazilian material probably being 
electra. In Schrottky’s table of Brazilian species, A. viridt- 
lustrans runs straight to A. monochroa Ckll., which is very 
different by the area of metathorax and long vibrissez. 


Exomalopsis (Anthophoru) torticornis sp. n. 


Male.—Length about 6 mm., anterior wing about 4 mm.; black with 
the clypeus, labrum and basal half of mandibles light lemon yellow; 
apical half of mandibles dark red; eyes pale greyish green; ocelli large; 
facial quadrangle long and narrow; head and thorax with abundant 
white hair; on thorax dorsally are two broad bands of reddish hair, not 
very conspicuous, meeting on scutellum; scape long, curved, black; 
flagellum bright ferruginous, dusky above and black at tip; third 
antennal joint strongly bulging below, so that the base of the flagellum 
appears twisted or distorted; mesothorax shining, finely punctured; 
tegulz pale reddish; wings very short, hyaline, apical margin broadly 
dusky, stigma and nervures black; three cubital cells, the second small, 
receiving the recurrent nervure near its apex; legs black, with much white 
hair, tarsi and spurs pale ferruginous; abdomen rather narrow, elongated, 
tapering, curved downward, shining, very finely punctured, the segments 
with very broad even bands of white tomentum, the first segment hairy all 
over, with a transverse pale brownish band; venter reddish. 
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Los Angeles, California, June 22, 1926 (Chas. H. Hicks). A 
remarkable little species, nearest to E. chlorina Ckll., from 
New Mexico, which is only known in the female. It cannot well 
be the male of E. chlorina, as that species has the stigma and 
nervures pale ferruginous, and a very much larger and broader 
second cubital cell. 


Exomalopsis giacomellii sp. n. 


Female——(Type). Length 6-6.5 mm.; short and robust, black; 
lower edge of the shining almost impunctate clypeus, labrum, broad base 
of mandibles and flagellum beneath, ferruginous; clypeus depressed in 
middle,’ obtusely ridged on each side of disc; eyes pale green; head and 
thorax with white hair, the mesothorax posteriorly and scutellum 
anteriorly bare, polished, impunctate; tegule translucent testaceous; 
wings hyaline, slightly milky, stigma and nervures testaceous; second 
cubital cell small, in one specimen the second intercubitus is entirely 
lacking on one side; femora shining black, tibiz and tarsi rufous, anterior 
tibiz blackish on outer side; hair of legs pale, scopa of hind legs entirely 
dull white, except for a hardly noticeable brownish stain above; 
abdominal segments with the hind margins testaceous; first segment 
highly polished, with a conspicuous transverse band of white hair 
across middle, sometimes denuded; remaining segments (unless 
denuded) entirely covered with appressed dull white hair; hair at apex 
stained with reddish; venter black, slightly stained with red. 

Male.—The only specimen is in poor condition; it differs by the much 
narrower abdomen, with hind margins of second and third segments 
conspicuously red; longer antennz; hind femora rather broadly red at 
apex. The clypeus is black. 


La Rioja, Argentina, 49, 1o& (Giacomelli). Resembles 
E. pilosa Sm., from Brazil, but differs by the second abdominal 
segment being clothed like the following ones. There is also 
some resemblance to E. solitaria Brethes, the exact locality of 
which is unknown, though it is probably from Argentina. 
About 43 apparently valid species of Exomalopsis are known 
from South America. This is the ninth from Argentina. 
Southward they become scarce; only one species (E. jensent 
Friese) was found at Mendoza, but I have described one from 
Patagonia. 


Diadasia diminuta (Cresson). 
Male in squash flowers, Grand Junction, Colorado, August 
20, 1926 (Mary Jaquette). 
Hylaeus basalis (Smith). 


Male. Near Beaver Lake, Colorado, at flowers of Entoca 
sericea, June 23 (W. P. Cockerell). 





A CONTRIBUTION TO THE BIOLOGY AND DIS- 
TRIBUTION OF ONE OF THE LEGIONARY ANTS, 
ECITON SCHMITTI EMERY.* 


M. R. SMITH, 
A. and M. College, Mississippi. 


This ant is of special interest because it is one of the few 
species of Eciton or legionary ants known to occur in the southern 
and central sections of the United States. The legionary or 
driver ants are most common to the tropics where they attract 
considerable attention on account of their remarkable foraging 
raids in which many arthropods and small vertebrates are killed 
and directly eaten by the ants. 

In this country very little is known about E. schmitti Emery 
or any of the related species since the ants are mostly subter- 
ranean in habit and seldom seen. In view of this fact the writer 
thought that he might add to the knowledge of the feeding 
habits of this species by recording some observations which he 
has made during the past fall (1926). It was also thought 
worth while to briefly summarize here our present knowledge 
of the distribution and biological habits of this species. 

Eciton schmitti Emery is at present known to be distributed 
in the United States from Texas and New Mexico eastward to 
North Carolina and from the Gulf States northward to Colorado 
and Iowa. It has been definitely recorded from the following 
states: Texas, New Mexico, Colorado, Missouri, North Carolina, 
Kansas, Louisiana, Mississippi and Iowa. The writer believes 
that careful collecting will reveal its presence in a number of 
other states, most of which lie within the range just mentioned. 

This ant, like the other species of Eciton, does not appear to 
live long in any one nest but moves like a nomad from place to 
place occupying only temporary habitations. These moves are 
probably governed largely by the availability of food for them. 
Their nests occasionally have been found in the soil beneath 
stones and concrete sidewalks and the steps of houses. The 
colonies, judging from what the writer has seen of them, are 
moderately large in size. Unlike many ants, this species has 


*A contribution from the Mississippi Agricultural Experiment Station). 
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only one female to a colony, this female being of huge size when 
compared to the workers. In this respect the female of E. 
schmitti Emery bears a similarity to that of a large termite 
queen. The female is from 13-17 mm. in length, is never 
winged and because of her large size and apterous condition is 
known as a dicthadiigyne. The males are also large and strik- 
ing in appearance and resemble wasps more than they do ants. 
One of the peculiarities of this sex is the fact that the males, 
like the females, possess a single segmented petiole whereas the 
workers have a two segmented petiole. The workers are 
polymorphic, highly chitinized insects with exceedingly small 
eyes, which appear on the sides of their heads like small ocelli. 
Due to their vestigial eyes the workers depend on their sense of 
odor for a guide in traveling and for this reason they always 
follow a very definite trail. 

Wheeler has taken alate males of this species in Texas on 
October 3rd and 13th and the writer has received specimens 
from Mr. O. W. Rosewall at Baton Rouge, Louisiana, which 
were captured there on the 16thof November. It would appear 
from these records that the males do not reach maturity until 
late in the season. 

No one seems to have made any observations on the number 
of females produced by a colony or the time of year that they 
reach maturity. The females are so secretive in disposition 
that very few have been observed. The writer does not know 
of over three females in existence in the collections of this 
country, a fact which indicates their rarity. 

According to Wheeler the odor of the workers is very 
disagreeable, similar to that of fecal matter and he attributes 
this to the fact that the ants feed entirely on flesh. The males 
and females have a pleasant odor and the workers seem to 
enjoy clustering around them. Wheeler says that he does not 
know of any ants in which the workers show such an extreme 
fondness for the sexed forms as do the workers of these ants. 
A colony which he kept in captivity was most active between 
five and seven oclock in the evening, after this time their 
activity seemed to die down. 

In Texas, Wheeler found that this ant robbed and fed upon 
the brood of other ants. He succeeded in identifying some of 
the appropriated brood and found that it belonged to the fire 
ant, Solenopsis geminata Fabr. and to several species of Pheidole. 
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He also noted that the ants fed on carabid beetles belonging to 
the genera Harpalus and Pterostichus and a species of undeterm- 
ined termite. 

During the past fall (1926), the writer encountered these 
ants on three occasions; each time they were engaged in raiding 
the nests of other ants. They were first encountered at McComb, 
Mississippi, on the forenoon of October 11th at which time the 
ants were observed carrying in their mandibles females and 
workers of the Argentine ant, Iridomyrmex humilis Mayr, 
workers of the ants, Camponotus carye subsp. rasilis Wheeler 
and workers of an undetermined species of termite. No larve 
of any of these forms were seen in the mandibles of the ants, 
but these may have escaped observation. All of the prey was 
secured from the base and trunk of a large oak tree. At 
Columbus, Mississippi, the ants were encountered a second time 
in the late afternoon of November 4th. At this time the 
ants were noted to be carrying workers of the following species: 
the small sugar ant, Prenolepis (Nylanderia) sp., the tiny thief 
ant, Solenopsis molesta Say and those of an undetermined 
species of termite. The prey was apparently secured from 
cavities in the soil beneath a pile of leaves. On the afternoon 
of November 13th the ants were observed for a third time at 
Mayhew, Mississippi. They were noted to be carrying termite 
workers and soldiers of the ant, Pheidole vinelandica Mayr. 
Some were seen carrying to their nest several carabid beetles, 
species undetermined. One of these beetles was decapitated 
and appeared to have been freshly killed. The nest of the 
ants was found in a slightly open grassy spot about eight 
feet from the base of a fence post from which they were getting 
the termite workers. The nest was so inconspicuous that the 
writer would never have discovered it had he not seen the 
worker ants returning to it with their prey Although the 
workers of E. schmitti Emery were not observed to directly eat 
the species which they captured it is not presuming too 
much to assume that they did, as all species of the genus, 
so far as the writer is aware, are entirely carnivorous and there 
is every reason for supposing that they would eat ants as 
quickly as other insects. Wheeler has observed them feeding 
on the brood of other ants and this is in line with the assumption 
that they also feed on adult ants as well. Several years ago the 
writer received a note from Mr. Andrew Fleming of Sibley, 
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Mississippi stating that he had found the workers of Eciton 
pilosus F. Smith carrying workers of a species of ant in their 
mouths. The ants which the workers were carrying were sent 
to the writer for determination and he found them to be those of 
Creamatogaster ashmeadi Mayr an ant, which in this section 
nests in trees, plants, etc., never in the soil. All of the observa- 
tions mentioned here seem to prove that the species of Eciton 
in this section at least, often feed on the adult ants as well as 
the brood. 





ON THE BIOLOGY OF SOME ICHNEUMONIDS OF THE 
GENUS PANISCUS SCHRK. 


By ArLo M. VANCE, 
Assistant Entomologist, Cereal and Forage Insect Investigations, 
U. S. Bureau of Entomology. 


INTRODUCTION. 


The Ichneumonids of the Genus Paniscus belong to a small 
but well-differentiated group, the mumbers of which superficially 
resemble the species of the Genus Ophion from which, however, 
they differ markedly in structure. They are supposed to be 
parasitic primarily upon lepidopterous larve. 

The information available concerning the biology of the 
members of the Tribe Paniscini relates mostly to the species of 
the Genus Paniscus. As early as 1700 Goedart (1) reared five 
specimens of Paniscus cephalotes Hlgr. from the caterpillar of 
the puss moth (Diacranura vinula L.) and figured the bundle 
of cocoons from which these specimens emerged. Bonnet (2) 
in 1755 published in brief some observations on the egg and 
larval growth of Paniscus, and in 1771 DeGeer (3) gave a short 
account of the biology of a parasite belonging probaly to this 
genus. The life history of Parabatus virgatus Fourcr. was des- 
cribed in 1852 by Newport (4) and that of Paniscus cephalotes 
Higr. in 1886 by Poulton (5). Chewyreuv (6) published an im- 
portant contribution in 1912 on the biology of Paniscus cristatus 
Thoms. and Paniscus ocellaris Thoms., both parasites of A grotis 
segetum Schiff. Cushman (7) made some notes on the life history 
and morphology of Paniscus geminatus Say in 1913, while Strick- 
land (8), in his paper on the parasites of prairie cutworms in 1923, 
gave a partial account of an undetermined species belonging to 
this group found by him attacking the larve of Porosagrotis 
orthogonia Morr. A systematic revision of the American Pani- 
scini was published by Cushman (9) in 1924, and a review of 
the life and habits of the Genus Paniscus was given by the same 
author (10) in 1926. 

The observations recorded in this paper,* on Paniscus 
spinipes Cushman and P. geminatus Say var. sayi Cushman 


*The writer wishes to thank Dr. L. O. Howard for supplying a translation of 
Chewyreuv’s study on Paniscus; R. A. Cushman for his determination of specimens, 
and Dr. W. J. Phillips and Dr. W. R. Thompson for their helpful suggestions in the 
preparation of this manuscript. 
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(Fig. 1), were carried on at the United States Entomological 
Laboratory, Charlottesville, Virginia, in the late summer and 
autumn of 1924. During this year about five per cent of the 
larve of the corn earworm (feliothis obsoleta Fab.) collected in 
certain localities were attacked by theésé pafasites. 


HANDLING AND REARING. 


The type of cage (Fig. 2) which the writer found most 
satisfactory for experiments on Paniscus consisted of a glass 
cylinder twenty inches in height and ten inches in diameter. 
The cylinder was placed on end upon a table near a window, 
the top end was covered with a single layer of cheesecloth, and 
a white paper towel was placed on the bottom. In the cheese- 
cloth cover there was an opening several inches square over 
which was fastened a piece of pasteboard, on the under side of 
which a hanging drop of thick honey was placed. 

Each female parasite was confined in a separate cage. The 
material for these experiments included not only individuals 
reared in the laboratory, but also specimens that were collected 
in the field. Females from each source apparently reproduced 
with equal freedom in captivity. 

Because of the cannibalistic habits of the corn earworm larve 
which served as hosts for the parasite, it was necessary to isolate 
each larva as much as possible. This was accomplished by 
standing a block of wood sixteen inches high and two inches 
square, upright in the center of the cage. At intervals around 
this ‘‘holder’’ were driven small spikes, upon each of which 
was impaled a section of corn ear that had just passed the 
milk stage of its growth. One large earworm larva was placed 
on each piece of cornear. In this way the larve were somewhat 
separated from one another and at the same time they were 
fully exposed to the action of the parasite. 

A watch glass filled with a seventeen per cent sugar solution 
was placed on top of the ‘“‘holder.’’ This solution and the 
hanging drop of thick honey were kept continually in the cage, 
and Paniscus was observed to feed on both, although the 
sugar solution seemed to be preferred. 

Ordinary jelly glasses (Fig. 3) were filled with several inches 
of sterile soil, upon the surface of which was placed a single 
larva of Heliothis absoleta Fab. bearing eggs of Paniscus. These 
host larve were supplied with corn kernels, and those that were 
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not fully matured fed a little before entering the soil to pupate. 
When the host larve enter the soil they carry the attached 
parasite eggs or larve with them. The pupal cell is made in 
the soil by the host caterpillar in the usual way, but the parasite 
larva soon destroys its host and constructs its cocoon in the 
larval cell. 

After an interval of about three weeks the soil in each jelly 
glass was examined and the Paniscus cocoon found was removed 
and buried about an inch deep in soil in a glass vial (Fig. 3) 
in order that it might be more easily handled. Here it was 
allowed to remain until the adult insect emerged. The amount 
of moisture present within the vials did not seem to affect 
emergence. 

The temperature of the laboratory during this work varied 
from a minimum of about sixty degrees Fahrenheit at night to 
an average of about seventy degrees during the day. 

Under such conditions of confinement the life of four females 
was respectively seven, thirteen, thirty-four, and fifty-four days. 
The two females living seven and thirteen days respectively 
were mated individuals of Pantscus spinipes. The female that 
lived fifty-four days was unmated and the female that lived 
thirty-four days was probably unmated, also. These last two 
were specimens of Pantscus geminatus var. sayt. 


COPULATION. 


Coition was twice observed among specimens of Paniscus 
spinipes, the process being very similar in both instances. 
An observation made one day at ten o’clock in the morning may 
be described as follows: 

A male and female being placed in a breeding cage, both 
flew at once to the under side of the cheesecloth cover, where 
the male, after following the female about for a few minutes, 
finally overtook her and climbed upon her back. As soon as 
the genital organs of the two insects had made perfect contact, 
the male relaxed all hold upon both the female and the cheese- 
cloth cover and swung free in the air, head downwards, while 
the female still clung to the cover and thus supported both 
herself and the suspended male. The ovipositor was brought 
at right angles to the dorsal surface of the female and was, 
therefore, entirely out of the way of the male during the mating 
process. Copulation continued for five minutes in the attitude 
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described, after which the insects separated and crawled inde- 
pendently about the cover. 

It is interesting to note that in 1771 DeGeer (3) observed 
and made possibly the first record of the act of copulation 
among the Ichneumonids. Few such observations seem to 
have been recorded. In DeGeer’s account it would appear 
that copulation occurred with both the male and female resting 
upon the upper side of a horizontal surface. 


OVIEOSITION. 


Females of Paniscus spinipes and P. geminatus var. sayi 
both readily oviposited upon larve of Heliothis obsoleta Fab. 
when kept in glass cages under laboratory conditions as previous- 
ly described. Oviposition was observed a number of times and 
in each instance the host larva was stung before oviposition 
was attempted. The following typical observation .was made 
one day at 8:30 P. M.: 

After being rather active about the top of the cage for an 
hour, the female walked slowly down the side of the glass 
cylinder. When about eight inches from the bottom she flew 
to a section of corn ear on the ‘‘holder,’’ upon the back of which 
was feeding a large earworm larva in its last instar. The 
parasite immediately sensed the presence of this larva, ap- 
proached cautiously and quickly thrust her sting into it. Fol- 
lowing the stinging she remained quitely on the piece of corn, 
facing her victim. In less than five seconds the host larva 
rolled from the corn to the bottom of the cage, where it lay 
motionless. Almost immediately the female was upon it, singling 
out this particular larva from among a half dozen others crawling 
about the bottom of the cage. Alighting upon it, with her 
head toward the caudal end of the caterpillar, the parasite 
arched her abdomen and began ‘‘brushing’’ about with her 
ovipositor along the three thoracic segments. Her ovipositor 
finally came to rest near the posterior margin of the second 
thoracic segment and was slightly inserted into the larva’s 
body. In a few seconds an egg came sliding down the front 
exterior of the ovipositor and landed on the body of the larva. 
The ovipositor was then moved not more than one-sixteenth of 
an inch and a second egg was deposited on the same thoracic 
segment of the host. 
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Chewyreuv’s (6) description of oviposition by Paniscus 
cristatus Thoms. is about as follows: 

The female parasite turned her head towards the caudal end 
of the host larva and inserted her ovipositor about one-fourth 
of its length into the lateral part of the interspace between the 
prothorax and mesothorax. An egg issued through a cleft 
formed on the ventral side of the abdomen near the base of the 
Ovipositor and slid down the outer, lower side of the ovipositor 
to the skin of the larva, where it became attached. 

Frequently earworm larve were attacked while crawling 
about the bottom of the cage. Several instances were noted in 
which stinging and oviposition took place while the larve were 
wedged between kernels of corn upon which they were feeding. 

The actions of one female of Paniscus spinipes were rather 
unusual and may well be recorded here. She flew to the bottom 
of the cage where a number of earworm larve were crawling 
about and successively stung four different larve. Each of the 
larve was completely paralyzed and a single egg was deposited 
upon the fourth larva, after which she fed a little at the puncture 
and then left without any further attention to the other 
paralyzed larve. 

Immediately following oviposition, the female parasite some- 
times feeds for a few seconds upon the body juices of the parasit- 
ized larva, either from a wound caused by the ovipositor or 
from a fresh incision made with her mouthparts. This method 
of feeding is only occasional and does not occur each time 
ovipositon takes place. This peculiar habit among the parasitic 
Hymenoptera was first recorded by Marchal (11) in the case of 
Tetrastichus xanthomelaene Rond., a parasite of Galerucella 
luteola Mull. It has since been mentioned by other authors, 
and during the course of his experiments Chewyreuv (6) 
observed a Paniscus female licking up some fluid from the 
back of a caterpillar. 

All but a very small proportion of the eggs of the species 
here studied were deposited on one of the three thoracic seg- 
ments of the host larva (Fig. 4). This agrees with Chewyreuv’s 
observations (6). Chewyreuv, however, states that most of 
the eggs of Paniscus were placed between, rather than upon, 
the larval segments. The writer found upon careful exami- 
nation that the eggs were always attached to some particular 
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segment, although they were often very close to the margin 
and would almos tappear to be between the segments. 

From one to five eggs may be deposited upon a single host 
larva, but apparently never more than one Paniscus larva 
survives; several may hatch but for some unknown reason all 
except one soon die. Poulton (5) recorded a similar observation 
in his study on Paniscus. 

The two species of Paniscus studied by the writer may 
Oviposit either during the day or night, although observations 
indicate that they favor nocturnal oviposition. According to 
Chewyreuv (6) the female of P. cristatus Thoms. deposits her 
eggs either in the daytime at twilight or in the evening, while 
the female of P. ocellaris Thoms. oviposits only in the evening. 

Both Paniscus spinipes and P. geminatus var. sayi paralyze 
their hosts by the injection of some toxic substance before 
Ovipositing upon them. Chewyreuv (6) observed this habit in 
P. ocellaris Thoms., but P. cristatus Thoms. deposits its eggs 
upon active, writhing larve without the formality of paralyzing 
them. 

One female of Paniscus geminatus var. sayi deposited 
ninety-five eggs upon seventy-eight full-grown or nearly full- 
grown larve, most of which were Heliothis obsoleta Fab. On 
several occasions cutworm larve were placed in the cage with 
the earworms and the parasite chose the cutworm in preference 
to the earworm larve in each instance. One army worm was 
introduced into the cage and it also was chosen in preference 
to the earworm larve for oviposition. This female Paniscus 
lived for a period of 34 days; she began oviposition six days 
after she was placed inside the cage; then followed an egg-free 
period of five days; during the next twenty-three days she 
deposited an average of four eggs per day. 

The number of eggs placed on a single larva varied from 
one to four. Of the seventy-eight parasitized larve previous- 
ly mentioned, sixty-six or 84.61 per cent had one egg attached; 
eight or 10.26 per cent had two; three or 3.85 per cent had three; 
and one or.1.28 per cent had four eggs. The exact location of 
these eggs on the host larve is given in Table 1. It is an 
interesting fact that this particular parasite placed 80 per cent 
of her eggs on the anterior margin of the ventral surface of the 
first thoracic segment, just back of the head. Such a distri- 
bution of the eggs may prove to be characteristic of this species. 
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Three days after mating a female of Pantiscus spinipes began 
oviposition and laid seven eggs per day for five consecutive 
days. These thirty-five eggs were placed on twenty-one differ- 
ent earworm larve, the number varying from one to five eggs 
per larva. Twelve larve bore only one egg each while two 
eggs were attached to each of six others. Two larve received 
three eggs each and one had a total of five eggs fastened to its 


TABLE I. 


Location of Eggs Deposited by Paniscus geminatus var. sayi (7P-83) 
on Larve of Heliothis obsoleta and others.* 
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body. Another female of the same species, after a pre-ovi- 
position period of three days, deposited fifty eggs in ten con- 
secutive days, or an average of five per day. These fifty eggs 
were placed on forty-five different larve. Forty of these bore 
only one egg each and the remaining five larve received two 
eggs each. 

The position of all of the eggs deposited by these two 
females was carefully noted, and while all of them were situated 
on the anterior part of the body, and the great majority on the 
three thoracic segments, there was no such restricted distribu- 
tion as in the case of Paniscus geminatus var. sayi. 


*Cutworms and army worms. 
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Three unmated females of P. geminatus var. sayt, confined 
in glass cages without host larve upon which to oviposit, 
dropped eggs on the cage bottom that hatched normally. 
Larve hatched in this manner had no hosts upon which to 
feed and therefore could not be reared. 

Chewyreuv (6) concludes his paper with the statement that 
the habit of dropping eggs promiscuously is common to a great 
Ichneumonids and that in the case of oviparous females it 
results from the accumulation of too many eggs in the oviduct. 
With viviparous females such action is due not only to an 
excessive number of eggs in the oviduct but also to the necessity 
of the female to get rid of her carnivorous young. 


Fig. 1. a, egg of Paniscus geminatus var. sayi immediately after deposition; 
b, newly hatched larva of Paniscus spinipes. (Enlarged). 


THE EGG AND Its ATTACHMENT. 


The eggs (Figs. la and 6, Pl. XXII) of the two species of 
Paniscus, dealt with this paper, are approximately oval in form, 
somewhat flattened on the ventral side but distinctly convex on 
the dorsal surface. Individual eggs are about one millimeter in 
length and one-half millimeter in greatest width, and may vary 
in color from a light brown to a jet black. At the posterior 
pole is a spiral-like petiole by means of which the egg is attached 
to a host larva. This petiole is enlarged near its base and 
then gradually tapers to a blunt point at its distal extremity. 
Shortly after oviposition the petiole is opaque, very elastic, and 
may be stretched beyond the entire length of the egg, but 
upon release it recoils into its original corkscrew shape. 
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Within a few minutes after oviposition the petiole may 
quite easily be pulled loose from the skin of the host larva. 
Later, however, it becomes so firmly fixed to the larva that 
removal without tearing out a part of the adjacent larval 
integument is impossible. When an egg several days old is 
detached from a larva the petiole appears dark and knobbed. 

When the egg passes down the outside of the ovipositor the 
petiole apparently remains within a groove, and enters the 
body of the host larva through the incision made by the ovi- 
positor. Chewyreuv (6) thought that the different species of 
Paniscus attached the petioles of their eggs under the skin of 
the host larve in various ways, and from his own observations 
and the illustrations of another writer he came to the con- 
clusion that a noose-like arrangement of the petiole was charac- 
teristic of the species Paniscus testaceous Thoms. 

Chewyreuv (6) states that the eggs of Paniscus always 
contain well developed larve when deposited and therefore 
belong to the group of viviparous or ovoviviparous insects. 
The species mentioned in this paper are sometimes, though not 
invariably, ovoviviparous. Some eggs hatch within a period 
varying from a few minutes to a half hour after being deposited 
and evidently contain fully developed larve, while others, 
which pass through an incubation period of from six to eight 
days before hatching are apparently deposited in an undeveloped 
condition. 


LARVAL LIFE. 


The entire life of a Paniscus larva is spent on, and at the 
expense of, its host. When ready to hatch the egg splits along 
the ventral surface for a part of its length and the head and 
anterior segments of the larva push through the opening 
(Fig. 1, 5), while the posterior end remains attached to the 
inside of the egg shell by means of a number of short, sharp 
spines. The mouthparts soon become fastened to the body 
of the host larva and in this position the parasite larva feeds 
and grows. Strickland (8) states that as the parasite larva 
increases in size, a shifting of the feeding position becomes 
necessary, but its posterior end still-clings to the old egg shell. 
These observations have been confirmed by the writer. 

Larval growth is most rapid in the later stages. During 
the earlier larval stages of the parasite the host remains alive 
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in a mature or pre-pupal condition. It is quite probable that 
the Paniscus larva feeds upon the fat bodies and blood, and by 
the time it reaches maturity the contents of the host have 
been sucked dry and nothing remains but the flabby skin and 
head capsule. The Pantscus larva then detaches its posterior 
segments from their position on the inside of the old egg shell 
and proceeds to spin for itself a cocoon, within which it pupates 
and then transforms to an adult. 

The larva of P. geminatus var. sayi molts four times while 
adhering to the body of its host and at the same time maintains 
its hold on the old egg shell. Each molted skin is not lost but 
simply shrivels back toward the egg shell where it remains 
attached. Examination of an egg shell after a full grown 
larva has just left it will reveal the four cast skins with head 
molts attached (Fig. 5). Within the cocoon a fifth molt takes 
place, prior to pupation. No excrement seems to be voided 
until after the larva has encased itself within its cocoon. 


CONSTRUCTION OF COCOON. 


The cocoon of Paniscus is elongate oval in shape, about 
seventeen millimeters in length and seven millimeters in width, 
black in color, and is constructed of very tightly woven threads 
spun from the mouth of the larva. These threads are woven 
into such a dense fabric that the cocoon has a shiny appearance 
except for the few black threads which are rather loosely 
spun around it as a means of attachment during the early 
stages of the spinning process. The threads are white when 
first exposed to the air. 

It seems to be impossible for a Paniscus larva to spin its 
cocoon unless confined in an enclosure large enough only to 
allow free movement. The cell made in the soil by a larva of 
Heliothis obsoleta Fab., prior to its final destruction by a develop- 
ing Paniscus larva, is apparently ideal in shape and size for the 
construction of such a cocoon. Probably the cell formed by 
cutworm or army worm larve when they pupate would be 
equally satisfactory. Under laboratory conditions it was possi- 
ble to induce a Paniscus larva to spin its cocoon by placing it 
within an artificial cell made in cotton. The writer could 
never induce a Paniscus larva to ‘‘spin up’’ successfully in an 
empty tin box, though this was tried repeatedly. Under such 
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conditions the parasite larva developed to maturity on its 
host and then attempted to spin a cocoon. A number of 
threads were spun across a part of the bottom of the box and 
perhaps along one side and the larva worked very industriously, 
only to meet with ultimate death, apparently unable to con- 
struct a cocoon in so large a space. 


SUMMARY. 


1. Paniscus spinipes Cushman and P. geminatus Say. var. 
sayi Cushman may be successfully reared under laboratory 
conditions. 

2. When so reared, females of both species readily oviposit 
upon larve of the corn earworm, Heliothis obsoleta Fab., but 
exhibit a decided preference for either cutworm or army worm 
larve. The choice of host larve provides a subject for interest- 
ing investigation. 

3. The life history and habits of these two species in con- 
finement are very similar. 

4. Females of both species reproduced parthenogenetically. 
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EXPLANATION OF PLATE. 


PLATE XXII. 


Fig. 1. Adult of Paniscus geminatus Say, var. sayi Cushman. (Enlarged). 

Fig. 2. Type of cage used in experiments on Paniscus. 

Fig. 3. Types of glass and vials used for rearing Paniscus larve. 

Fig. 4. Paniscus eggs attached to larva of Heliothis obsoleta Fab. 

Fig. 5. Old egg shell of Paniscus geminatus Say, var. sayi Cushman, with four- 


molted skins and head casts. (Enlarged). 
Fig. 6. Egg of Paniscus. (Enlarged). 





Annas E. S. A. VoL. XX, PLaTe XXII. 


A. M. Vance 








